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CONSERVATION, PROTECTION AND UTILIZATION OF LOUISIANA’S
COASTAL WETLAND FORESTS
EXECUTIVE SUMMARY
Louisiana’s coastal wetland forests are of tremendous economic, ecological,
cultural, and recreational value to residents of Louisiana, the people of the United
States, and the world. Although some two million acres of forested wetland occur
throughout Louisiana, over half are in the coastal parishes. Large-scale and localized
alterations of processes affecting coastal wetlands have caused the complete loss of
some coastal wetland forests and reduced the productivity and vigor of remaining
areas. This loss and degradation threatens ecosystem functions and the services they
provide.
In response to the continuing loss and adverse impacts to Louisiana’s coastal
wetland forests, the Governor commissioned the formation of the Coastal Wetland
Forest Conservation and Use Science Working Group (hereafter referred to as SWG).
The mission of the SWG was to provide information and guidelines for the long-term
utilization, conservation, and protection of Louisiana’s coastal wetland forest
ecosystem, from both environmental and economic perspectives. To accomplish this
mission the following objectives were developed:
1) Gather and synthesize scientific information available on regeneration,
growth, and potential harvesting effects on coastal wetland forests.
2) Gather and summarize field information on general characteristics of
previously harvested baldcypress and tupelo forest stands to evaluate their
potential to regenerate, become established, and remain vigorous.
3) Review existing laws, regulations, policy, and guidelines affecting coastal
forestry activities (and current forest conditions).
4) Develop science-based, interim guidelines for the conservation and utilization
of coastal wetland forests.
5) Identify critical areas of priority research needed to refine these interim
guidelines.
The SWG developed this report to address these objectives. To emphasize the
most important points of the report, the SWG developed a set of Findings and
Recommendations. These are presented here with a summary of supporting
information from the body of the report.

Findings
1) Louisiana’s coastal wetland forests are of tremendous economic, ecological,
cultural, and recreational value to residents of Louisiana and the people of the
United States and the world; and include:
• wildlife habitat (including migratory songbirds/waterfowl, threatened and
endangered species),
• flood protection, water quality improvement (including nitrate removal), and
storm protection,
• carbon storage and soil stabilization,
• economic benefits of fishing, crawfishing, hunting, timber production, and
ecotourism
The importance of these forests is derived in part from the unusual deltaic
landscape they occupy. Most coastal wetland forests in Louisiana are a product of the
Mississippi River and therefore experience natural development and degradation
cycles as do most coastal marshes. The delta cycle can be seen as a balance between
the forces that lead to formation and maintenance of wetlands (mainly riverine input)
and the forces that lead to loss (subsidence and saltwater intrusion). This contributes
to their global significance and adds to the impetus to develop appropriate
management strategies.
Wetland functions are the physical, chemical, and biological processes that
sustain the wetland ecosystem, irrespective of any interaction with humans, and can
be broadly grouped into biotic, hydrologic, and biogeochemical functions. The most
important functions of coastal wetland forests are biogeochemical nutrient
transformations (wetlands are uniquely suited to mitigate the negative impacts of
nonpoint source pollution), flood storage, and maintenance of characteristic plant
communities for wildlife habitat and timber production. The important fish and
wildlife habitat functions include habitat for threatened species (e.g., Louisiana black
bear, bald eagle) and economically important species (e.g., crawfish and waterfowl).
Millions of landbirds, including virtually all of the eastern neotropical migrant
landbird species in the United States and numerous species from the western United
States, migrate through the coastal forests of Louisiana during spring and fall
migration. Dozens of wading bird rookeries and over one hundred bald eagle nests are
located in Louisiana’s coastal forests. In addition, two of three subpopulations of the
Louisiana black bear use these forests. It is generally understood that the actual value
of any particular tract is dependent upon the animal species of interest and numerous
forest characteristics, including geographic location and size of the forest stand,
connectivity to the adjacent forest stands and habitats, landscape composition,
hydroperiod, vertical structure, tree sizes and species composition. Direct forest loss as
a result of conversion of forest to open water or marsh would obviously be highly
detrimental to species dependent upon coastal wetland forests. More subtle habitat
changes, such as alterations in forest structure and composition and increased flood
depth and duration, are also significant threats to many wildlife species.
The landscape position and biogeochemical properties of coastal wetland forests
give them both the opportunity and mechanisms to alter pollutant loadings to aquatic
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ecosystems. While nutrient loading can have detrimental effects on natural wetlands,
Louisiana’s coastal wetland forests are sediment and nutrient deprived as a result of
the Mississippi River levee system and are experiencing significant habitat loss.
Under these conditions, the addition of nutrients and sediments is the only way for
these ecosystems to maintain their surface elevation relative to sea-level rise.
Ecosystem services are the benefits that humans and society derive from the
functions of an ecosystem and the value of these services can be quantified. There are
few data on the value of the specific ecosystem services provided by coastal wetland
forests and it is beyond the scope of this effort to develop accurate estimates
specifically for these wetlands. We can derive a rough estimate from the scientific
literature of $7,927 per acre per year for swamps and floodplains multiplied by the
estimated 845,692 acre of swamp forest area for a total value of $6.7 billion per acre
per year. Based on current stumpage volume and price, the value of the standing
cypress-tupelo timber in the area delineated by the SWG has been estimated by the
Louisiana Department of Agriculture and Forestry to be $3.3 billion.
2) The functions and ecosystem services of Louisiana’s coastal wetland forests are
threatened by both large- and small-scale hydrologic and geomorphic alterations
and by conversion of these forests to other uses.
• Subsidence, sea-level rise, and levee construction are the large-scale
hydrologic and geomorphic alterations responsible for the loss of Louisiana’s
coastal wetland ecosystems including coastal wetland forests. Since
Louisiana’s coastal wetland forests are nutrient deprived as a result of the
Mississippi River levee system, addition of nutrients and sediments is the
only way for these ecosystems to maintain their surface elevation relative to
sea-level rise.
• The cumulative effects of small-scale or local factors can be of equal or
greater importance in coastal wetland forest loss and degradation than
large-scale alterations. These factors include increased depth and duration of
flooding, saltwater intrusion, nutrient and sediment deprivation, herbivory,
invasive species, and direct loss due to conversion. Causal agents include
highways, railroads, channelization, navigation canals, oil and gas
exploration canals, flood control structures, conversion of forests to urban
and agricultural land, and non-sustainable forest practices.
• Under less severe impacts, many of the important functions and ecosystem
services are lost or degraded even though the trees may be intact and the
forest may appear unaffected.
• Without appropriate human intervention to alleviate the factors causing
degradation, most of coastal Louisiana will inevitably experience the loss of
coastal wetland forest functions and ecosystem services through conversion
to open water, marsh, or other land uses.
A number of factors have led to the massive loss of coastal wetlands in
Louisiana. Foremost among these are flood-control levees along the Mississippi
River that resulted in the elimination of riverine input to most of the delta and
contributed to wetland loss. Hydrological disruption via control of rivers has
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reduced freshwater and sediment inputs, while canal construction has led to much
greater saltwater intrusion into coastal wetlands. Increasing water levels resulting
from eustatic sea-level rise and subsidence are also major degradation factors.
Without the annual flood of new sediments, subsidence exceeds sedimentation in
many areas, and most of coastal Louisiana is presently experiencing an apparent
water level rise of about 3.3 feet per century. These detrimental, large-scale
processes have been seriously increased by management practices and societal
infrastructure that have also altered and degraded ecosystems.
As water levels continue to rise, the coastal forests will be subjected to more
prolonged and deeper flood events. Even though many of the forest species growing
in these areas are adapted to prolonged inundation, extended flooding during the
growing season can cause mortality of these tree species. Already many of the trees
in these areas are showing evidence of severe stress. Even baldcypress and water
tupelo, two of the dominant species in Louisiana's coastal forests, slowly die when
exposed to prolonged, deep flooding of longer than normal duration and
regeneration of new trees cannot occur under flooded conditions. Together, these
impacts are so substantial that total loss of wetland forests is nearly assured in
most of coastal Louisiana without active measures to ameliorate problems.
The Barataria, Lake Verret, and Lake Pontchartrain basins, located in south
central and southeastern Louisiana, contain extensive freshwater wetland forests.
There are approximately 242,000 acres of seasonally (mostly permanently) flooded
forests and wooded swamps in the Barataria Basin, 101,000 acres in the Verret
Basin, and 213,000 acres in the Pontchartrain Basin. All of these watersheds were
once overflow basins of the Mississippi or Atchafalaya rivers. With the construction
of the flood protection levees along these rivers in the 1920-1940s, the only source
of freshwater presently is rainfall or backwater flooding. When these areas received
riverine input, sediment deposition served to offset apparent water level rise due to
land subsidence. With the cessation of sediment input, regional subsidence is
leading to increased flooding of these areas. Water levels in the Barataria, Lake
Verret, and Pontchartrain basins historically followed a seasonal pattern of
flooding and drying with the extent of flooding depending on the elevation of the
site and seasonal water budget. Barataria and Verret basins have experienced
significant increases in the total number of days flooded per year. In Barataria
Basin, the swamps have always been flooded to some extent, but forests are now
flooded almost year round. Even during dry periods such as 1981 and 1985-1986,
these forests were rarely free of standing water. Since the 1950s, flood water levels
in the swamps of the Pontchartrain Basin have doubled. If water levels continue to
rise, coastal forested areas will eventually be replaced by scrub-shrub stands,
marsh, or open water.
3) Regeneration is a critical process of specific concern in maintaining coastal
wetland forest resources. Successful natural regeneration of this resource in the
1920s was due to fortuitous conditions existing at that time. Currently, there is a
lack of regeneration in coastal cypress-tupelo forests that is a direct result of
factors identified above and their interactions with regeneration processes.
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Baldcypress and water tupelo are the primary tree species in the coastal
swamp forests of Louisiana. Consistent mast crops do not occur in either species
until trees are about 30 years old. Baldcypress trees will generally produce seed
every year, but larger seed crops occur every three to five years. However,
baldcypress seeds cannot germinate in standing water, and seedlings must grow
tall enough during short drawdown periods for their crowns to extend above the
water surface to survive flooding during the growing season. Baldcypress seedlings
can withstand complete inundation for up to 45 days, but long-term flooding above
the foliage results in high mortality. Baldcypress is exacting in its needs, but
regenerates well in swamps where there is ample sunlight and the seedbed is moist
but not flooded during the time period of seed germination and seedling
establishment.
Changes in hydrology have reduced regeneration in many stands even
though overstory trees may still be thriving. Ultimately, the lack of regeneration
will eliminate forest cover. When favorable conditions for germination and seedling
growth do not immediately precede or follow a regeneration harvest, stand
regeneration can only occur through artificial regeneration. In places where
flooding is sufficiently persistent and deep, even artificial regeneration is not
possible. For example, natural regeneration of baldcypress was poor to non-existent
in south Louisiana swamps following logging operations in the 1980s, mainly
because the land remained flooded for much of the year.
Herbivory is another problem that has long existed in Louisiana’s swamps, and
directly affects regeneration. One of the most important agents of this problem is the
nutria, which has become firmly established throughout the coast since the 1950s.
Nutria often clip or uproot newly planted baldcypress seedlings before the root
systems are fully established, thus destroying the whole seedling. Several alternatives
have been proposed to prevent nutria from eating newly planted baldcypress
seedlings. Reducing nutria is one alternative to the problem, but this method is
expensive.
The strict requirement for seedling establishment and pervasive seedling
herbivory together dictate that management of coastal wetland forests hinges in
large part on ensuring regeneration. Managing forested wetlands for timber
production is generally difficult because of the periodic to continuously flooded
nature of these sites. Although there is some knowledge regarding silvicultural
practices for the drier end of the forested wetlands continuum (e.g., wet pine flats
and moderately well drained to poorly drained bottomland hardwoods), there has
been little research into optimum silvicultural practices for wet sites. It has been
suggested that baldcypress and tupelo stands should be managed on an even-aged
basis because of the characteristics of the species, the nature of the existing stands,
and the sites they inhabit. The most common regeneration method used for this
purpose with other species is clearcutting when stems reach the desired size.
Residual stems should be removed or deadened to limit competition on natural or
planted seedlings.
4) In those areas where flooding prevents or limits the natural regeneration of the
cypress-tupelo forest, artificial regeneration through tree planting is the only
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currently viable mechanism to regenerate the forest. Some swamps are altered to
such a significant extent that even artificial regeneration is not possible. Coppice or
stump sprouting does not provide sufficient numbers of viable trees to reliably
regenerate the forest, even under optimum conditions.
Because of the exacting requirements for germination and establishment
and the variable success of stump sprouting, planting of baldcypress and water
tupelo is likely necessary in many areas to ensure adequate stocking of future
stands. Innovative planting methods are often required for forested wetland sites
because of standing water, unconsolidated or organic substrates, and herbivory.
Habitats planted have ranged from standing, stagnant water to flowing water in
coastal to inland sites of Louisiana and South Carolina. Bareroot seedlings of
baldcypress and water tupelo have been successfully planted under flooded
conditions.
5) Conditions affecting the potential for forest regeneration and establishment are
recognizable based upon existing biological and physical factors. The SWG has
developed a set of condition classes for the dominant wetland forest type, in
Louisiana’s coastal cypress-tupelo forests. All references to flooding depths or
durations assume average rainfall conditions, not extreme or unusual events.
Sediment input is generally beneficial, but in localized situations, excessive levels
can prevent or prohibit natural or artificial regeneration under SWG Condition
Classes I and II. The SWG Cypress-Tupelo Coastal Wetland Forest Regeneration
Condition Classes are:
SWG Condition Class I: Sites with Potential for Natural Regeneration
These sites are generally connected to a source of fresh surface or
ground water and are flooded or ponded periodically on an annual
basis (pulsing). They must have seasonal flooding and dry cycles
(regular flushing with freshwater), usually have both sediment and
nutrient inputs, and sites in the best condition are not subsiding.
These sites have some level of positive tree growth, thereby providing
increasing or stable biomass production, organic input, and experience
re-charge of water table after drought periods. Sites in this category
that are subject to increasing flood frequency, increased flood
duration, or increasing flood water depths may eventually move into
the next lower category unless action is taken to remedy these
detrimental conditions.
SWG Condition Class II: Sites with Potential for Artificial Regeneration
Only
These sites may have overstory trees with full crowns and few signs of
canopy deterioration, but are either permanently flooded (which
prevents seed germination and seedling establishment in the case of
baldcypress and tupelo) or are flooded deeply enough that when
natural regeneration does occur during low water, seedlings cannot
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grow tall enough between flood events for at least 50% of their crown
to remain above the high water level during the growing season.
These conditions require artificial regeneration, (i.e., planting of tree
seedlings). Water depth for sites in this category is restricted to a
maximum of two feet for practical reasons related to planting of tree
seedlings. Planted seedlings should have at least 12 inches of crown
(length of main stem with branches and foliage present) and must be
tall enough for at least 50% of the crown to remain above the high
water level during the growing season. Sites with a negative
trajectory (increasing average annual water depth) may eventually
move into SWG Condition Class III unless action is taken to remedy
this detrimental condition.
SWG Condition Class III: Sites with No Potential for either Natural or
Artificial Regeneration
These sites are either flooded for periods long enough to prevent
natural regeneration and practical artificial regeneration, or are
subject to saltwater intrusion with salinity levels that are toxic to
cypress-tupelo forests. Two trajectories are possible for these two
conditions: 1) freshwater forests transitioning to either floating marsh
or open fresh water, or 2) forested areas with saltwater intrusion that
are transitioning to open brackish or saltwater (marsh may be an
intermediate condition). SWG Category III sites are placed in specific
subcategories relative to stress conditions as listed below. They may
differ in the types of recommendations made or actions that should be
taken relative to the particular stressing agent.
A. Forests with saltwater intrusion or high soil salinity:
1. Chronic (semi-permanent) saltwater intrusion (e.g.,
coastal areas with high rates of subsidence). These
are sites where saltwater intrusion is of a long-term
nature and requires correction.
a. For baldcypress, chronic levels of soil salinity of
four ppt or greater increases mortality of
seedlings and makes the likelihood of
regeneration unreliable.
b. For tupelo, chronic levels of salinity greater
than two ppt increases mortality.
2. Acute (temporary) flooding with saline waters such as
from storm surges. These conditions are temporary
and tolerance can be much higher.
B.
Forests with water levels exceeding two feet at time of
planting makes artificial regeneration impractical.
6) Physical and biological processes link coastal forests and coastal marshes. The
current Louisiana Coastal Zone Boundary does not accurately reflect the full extent of
Louisiana’s coastal wetland forests. The lack of focus on large scale restoration and
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protection activities outside the Louisiana Coastal Zone Boundary makes them more
vulnerable to loss and degradation from detrimental impacts.
Louisiana’s coastal wetland forests have been shaped by the sediments, water,
and energy of the Mississippi River as natural deltas have been formed and
abandoned over the last 5,000 years. During the regressive or constructional phase of
the delta cycle, the system is dominated by freshwater riverine inputs with the
formation of corresponding freshwater marshes and swamps, which then deteriorate
during the marine-dominated transgressive phase. The largest areas of Louisiana’s
coastal wetland forests are swamps in the deteriorating transgressive phase of the
Deltaic Plain. Deterioration of the delta in areas currently occupied by forested
wetlands will result in hydrological conditions unsuitable for forest cover and result in
conversion to marsh or open water. As in coastal marshes, where local deterioration is
accelerated by neighboring marsh conversion to open water, the condition of forested
wetlands depends in part on neighboring forests and marshes. In particular, saltwater
intrusion into forested wetlands is often increased when neighboring marshes
deteriorate.
7) Spatially explicit data of coastal wetland forest conditions necessary to guide
restoration, regulatory, and management efforts are scarce. USDA Forest Service
Forest Inventory and Analysis (FIA) data are inadequate for these purposes.
The condition of coastal wetland forests and the stressing factors are known to
vary across the coastal zone; however, existing data are insufficient to guide
restoration, regulatory, and management efforts in most areas.
The most complete data available on the area of forest types in Louisiana come
from FIA, currently collected by the Louisiana Department of Agriculture and
Forestry in cooperation with the USDA Forest Service. Cypress-tupelo forests of the
region in 1974 were dominated by relatively small trees, but 29 years of growth has
seen the size structure change to be dominated by larger trees. However, FIA data and
other scientific information suggest coastal cypress-tupelo forests are not currently
growing vigorously, if at all, and suggest environmental stresses may be playing a part
in stand development. Systematically collected field-based and remotely-sensed data
are needed but are currently lacking.
Recommendations
Based on these findings, the SWG recommends that the Louisiana Governor’s
Office:
1. Adopt the following statement of mission and intent regarding coastal
wetland forest ecosystem policy: The State of Louisiana will place priority on
conserving, restoring, and managing coastal wetland forests, including
collaborative efforts among public and private entities, to ensure that their
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functions and ecosystem services will be available to present and future
citizens of Louisiana and the United States.
2. Recognize the regeneration condition classes (Finding 5) for cypress-tupelo
forests developed by the Science Working Group (SWG) and use them to
classify existing coastal forest site conditions for management, restoration,
protection, and use purposes.
3. Place priority on maintaining hydrologic conditions on SWG Regeneration
Condition Class I lands.
4. Delay timber harvesting on Condition Class III lands because these lands
will not regenerate to forests. The goal is to allow time for hydrologic
restoration and improvement of stand conditions to Class I or Class II lands.
Place an interim moratorium on harvesting on state-owned Condition Class
III lands. Develop mechanisms to delay timber harvesting on privately
owned Condition Class III lands.
5. Before harvesting SWG Condition Class I and II sites, a written forest
management plan with specific plans for regeneration must be reviewed by a
state-approved entity so appropriate practices can be suggested based on
local site conditions. The intent is to ensure that cypress-tupelo regeneration
and long-term establishment take place and that species or wetland type
conversion does not occur.
6. Develop spatially explicit data regarding SWG Condition Classes, existing
hydrologic and geomorphic conditions, and current and future threats to
coastal wetland forests. These data should be collected, evaluated, and
updated by a consortium of state, local and federal agencies, universities and
non-governmental organizations and made available to all entities. Adding
remotely-sensed data to this data set should be aggressively pursued. Such
data are critical to wisely manage and care for the coastal forest wetland
ecosystem of Louisiana.
7. Establish and maintain a system of long-term monitoring of coastal wetland
forest conditions, supplemental to FIA and Coastal Reference Monitoring
System (CRMS) datasets, expanded to include the entire SWG coastal
wetland forest area (see Figure 1). Additionally, monitoring of restoration
should occur, and include measures to evaluate success. This may entail
some long-term efforts because forests may take 25 years to establish
functioning stands.
8. Coastal forests extend beyond the current Coastal Zone Boundary.
Therefore, the target area for large scale restoration should be expanded to
include coastal wetland forests as defined by the SWG (Figure 1), especially
those in major river bottoms draining to the coast (e.g., Atchafalaya and
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Pearl River Basins) and those with extensive areas of coastal wetland forests
(e.g., Lake Maurepas).
9. Direct all state and local agencies to review, evaluate and coordinate their
activities in coastal wetland forests and develop guidelines and practices to
prevent the loss and degradation of habitat, functions, and ecosystem
services through official actions. The Governor should also officially request
that federal agencies do the same.
10. Review and modify current accepted practices for mitigation of impacts on
coastal wetland forests. Given the uniqueness of Louisiana’s coastal wetland
forests, all mitigation must be of the same forest type and occur within the
same watershed where the impacts are located.
11. Encourage conservation and protection of coastal wetland forest areas by
developing a Coastal Wetland Forest Reserve System.
12. Actively pursue restoration of degraded wetland forests, regardless of the
SWG condition class. Encourage collaborative efforts between public and
private entities including the development or modification of federal
legislation to include degraded coastal wetland forests in landowner
incentives programs.
13. Enhance wetland forest ecosystem functions and values as part of all
hydrological management decisions, including management of point- and
nonpoint-source inputs, floodways, creation of diversions, levee and highway
construction, and coastal management.
14. Develop policies to ensure implementation of the above recommendations.
Various incentive mechanisms should be explored as part of policy
implementation.
Based on existing knowledge about coastal wetland forests and the compilation
of new information from field surveys and federally-sponsored forest inventories, the
SWG strongly recommends appropriate science-based management of Louisiana’s
coastal wetland forests based on the above findings and recommendations.
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INTRODUCTION
Wetland forest regeneration and sustainability may not be receiving adequate
consideration in coastal Louisiana. Although coastal Louisiana forests are addressed
to some extent in the Louisiana Coastal Area (LCA) Restoration Study (November
2004), their loss and rapidly deteriorating condition, interest in managing and
restoring this natural resource, and the paucity of information available to accomplish
these goals all point to a need to place increased emphasis on their conservation,
protection, and study. Wetland forests influencing and protecting coastal areas also
exist outside the Louisiana Coastal Zone, as defined by the State, and these forests are
not addressed in that document. Despite the extensive evidence of the important role
wetland forests play in providing critical habitat for many wildlife species and in
maintaining water quality and coastal integrity, coastal forested wetland systems are
rapidly disappearing.
In 1989, the Louisiana Legislature passed the Louisiana Coastal Wetlands
Conservation, Restoration and Management Act (Act 6) providing an administrative
structure for coastal restoration. Among other things, the Act established the
Wetlands Conservation and Restoration Authority that develops an annual “Wetlands
Conservation and Restoration Plan.” Act 6 also established the Governor’s Office of
Coastal Activities and the Office of Coastal Restoration Management within the
Department of Natural Resources to coordinate and manage components of
Louisiana’s coastal restoration program.
The 1998 Coast 2050 report entitled “Toward a Sustainable Coastal Louisiana”
was a foundation for the May 1999 LCA section 905(b) Reconnaissance Report. The
report recommended the implementation of feasibility studies. In the spring of 2002,
the U.S. Army Corps of Engineers held public scoping hearings, soliciting input from
interested parties. This set the stage for seeking programmatic authorization for
funding under WRDA to implement strategies from the Coast 2050 Plan through the
Louisiana Coastal Area (LCA) Feasibility Study designed to foster restoration and
protection of Louisiana’s coastal ecosystem. In November 2004, the LCA Ecosystem
Restoration Study was published providing priorities and a framework for near-term
restoration of selected coastal wetlands in Louisiana.
Renewed interest in the forested wetland resource, especially baldcypress, by
the forest industry and private loggers now target the second-growth cypress in areas
logged 80-100 years ago where natural regeneration was able to establish new forests.
This renewed interest in harvesting coastal forests has raised questions about
environmental issues and the ability of some of these forests to regenerate.
A comprehensive assessment of current scientific knowledge and condition of
Louisiana’s coastal wetland forests is therefore critical. Therefore, the Governor’s
Office initiated the formation of a Science Working Group (SWG) on Coastal Wetland
Forest Conservation and Use. An Advisory Panel was also established by the
Governor’s Office to advise and assist the SWG. The mission of the SWG is to provide
information and guidelines for the long-term utilization, conservation, and protection
of Louisiana’s coastal wetland forest ecosystem, from both environmental and
economic perspectives. The following objectives were developed:
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1) Gather and synthesize scientific information available on regeneration,
growth, and potential harvesting effects on coastal wetland forests.
2) Gather and summarize field information on general characteristics of
previously harvested baldcypress and tupelo forest stands to evaluate their
potential to regenerate, become established, and remain vigorous.
3) Review existing laws, regulations, policy, and guidelines affecting coastal
forestry activities (and current forest conditions).
4) Develop science-based, interim guidelines for the conservation and utilization
of coastal wetland forests.
5) Identify critical areas of priority research needed to refine these interim
guidelines.
The SWG developed the following report to address these objectives. To
emphasize the most important points of the report, the SWG developed a set of
Findings and Recommendations to the Governor’s office as to appropriate actions that
should be taken to ensure the long-term utilization, conservation, and protection of
Louisiana’s coastal wetland forest ecosystem.
With the SWG’s mission in mind and to meet the objectives stated above, the
forest area to be considered needed to be defined. Large areas of coastal wetland
forests extend beyond the Louisiana Coastal Zone Boundary, especially in major river
bottoms draining to the coast (e.g., Atchafalaya and Pearl River Basins) and those
with extensive areas of coastal wetland forests (e.g., Lake Maurepas). One useful
boundary that does encompass these areas is defined by two USDA Forest Service
inventory regions that together comprise 31 parishes of southern Louisiana (Figure 1).
For these reasons, the SWG adopted these combined regions as the area of interest for
assessing coastal wetland forests. Although there are extensive areas that are not
coastal wetland forest in this area, it does encompass all areas of interest.
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Figure 1. Louisiana Coastal Wetland Forest Area established by the Governor’s Science Working Group
on Coastal Wetland Forest Conservation and Use; (upper) USDA Forest Service forest inventory regions
composing the SWG Coastal Wetland Forest Area; (lower) forested wetlands within the SWG Coastal
Wetland Forest Area compared to Louisiana Coastal Zone Boundary.
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LOUISIANA COASTAL WETLAND FORESTS: STRUCTURE, FUNCTIONS, AND
ECOSYSTEM SERVICES
Forested wetlands are freshwater ecosystems dominated by trees or shrubs and
can be divided into two general categories in Louisiana: swamps or bottomland
hardwood forests. While both wetland types are formally classified as palustrine
wetlands in the Cowardin classification of the National Wetlands Inventory (Cowardin
et al., 1979), swamps are flooded for most if not all of the growing season and
dominated by baldcypress, pondcypress and water tupelo (Penfound, 1952; Mitsch and
Gosselink, 2000a). Bottomland hardwoods are seasonally inundated for varying
lengths of time with as many as 70 commercial tree species depending on the
hydroperiod (Putnam et al., 1960; Hodges, 1997).
The natural ecosystems of coastal Louisiana are dominated by the underlying
geomorphic processes responsible for their formation. The majority of Louisiana’s
wetland forests are found in the Lower Mississippi River Alluvial Valley (LMV) and
the Deltaic Plain. The southern extent of the LMV and the beginning of the Deltaic
Plain is geographically defined by the Donaldsonville-Franklin line; however, the true
geologic boundary extends to the head of the Atchafalaya River (Saucier, 1994). This
geologic boundary better correlates with the geographic boundaries of the South Delta
Forest covered in this report.
Coastal wetland forests in the Deltaic Plain have been shaped by the sediments,
water, and energy of the Mississippi River as natural deltas have been formed and
abandoned over the last 5,000 years (Coleman et al., 1998). During the regressive or
constructional phase of the delta cycle, the system is dominated by freshwater riverine
inputs with the formation of corresponding freshwater marshes and swamps, which
then deteriorate during the marine-dominated transgressive phase (Roberts, 1997).
The largest areas of Louisiana’s coastal wetland forests are swamps in the
deteriorating transgressive phase of the Deltaic Plain.
Historically, wetland forests in both the LMV and the Deltaic Plain were
intimately connected to the Mississippi River and its tributaries and distributaries.
Annual pulses of freshwater, sediments, and nutrients collected from the 1.2 million
square mile Mississippi River drainage basin were dispersed during flood events
creating a mosaic of soil types and plant communities throughout the LMV and the
Deltaic Plain. The fine-grained alluvial deposits in the LMV are not prone to
compaction and, thus, subsidence is not a factor in this area. However, the cumulative
effects of eustatic (actual) sea-level rise, crustal sinking, tectonic activity, and
sediment consolidation result in high rates of subsidence that dominate the surface
elevation and geomorphology of the Deltaic Plain (Saucier, 1994; DeLaune et al.,
2004). Subsidence rates for large areas of the Deltaic Plain range from 1.0 to 3.5 feet
per century (Figure 2). Relative (eustatic + subsidence) sea-level rise in the Deltaic
Plain is predicted to range from 20 to 40 inches over the next 100 years (Twilley et al.,
2001). Titus and Narayanan (1995) predict a one foot rise along the Gulf Coast by
2050.
While coastal wetlands can maintain their surface elevation despite sea-level
rise with sediment inputs and organic accumulation from high primary productivity
(Baumann et al., 1984; DeLaune et al., 2004), the construction and maintenance of
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flood-protection levees has isolated south Louisiana from Mississippi River sediments,
nutrients, and freshwater, which are critical to the long-term survival of coastal
wetland forests (Kesel, 1989; Boesch et al., 1994; Day et al., 2000). The area of swamps
in the Deltaic Plain is projected to decrease by 231,890 acres by the year 2050 even
with current restoration efforts (Table 1). This represents 42% of the existing wetland
forest and three of the nine basins will lose between 30% to 55% of their remaining
swamps. Adding sediments and nutrients to these degraded coastal wetland forests
through river diversions (Day et al., 2003), municipal wastewater (Day et al., 1999), or
stormwater diversions (Woods, 2004) is an essential component of sustaining this
ecosystem.

Figure 2. Estimated subsidence rates in Louisiana’s Deltaic Plain (Gagliano, 1998).
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Table 1. Projections of marsh and swamp forest losses in the Louisiana Deltaic Plain (Louisiana Coastal
Wetlands Conservation and Restoration Task Force, 1998).
Acres of Net acres of
Acres of
marsh
marsh lost
marsh lost preserved by by 2050 at
by 2050 the Breaux
current
Acres of
without
Act and restoration swamp in
restoration diversions
levels
1990
50,330
4,720
45,610
213,570

Acres of
swamp lost
by 2050 at
current
restoration
levels
105,100

Region Basin
1
Pontchartrain

Acres of
marsh in
1990
253,000

2

Breton Sound

171,100

44,480

17,900

26,580

0

0

2

Mississippi Delta

64,100

24,730

18,340

6,390

0

0

2

Barataria

423,500

134,990

42,420

92,570

146,360

80,090

3

Terrebonne

488,800

145,250

5,170

140,080

152,400

46,700

3

Atchafalaya

48,800

(30,030)*

8,080

(38,110)*

12,600

0

3

Teche/Vermilion

234,300

32,160

3,360

28,800

18,390

0

4

Mermentau

441,000

61,710

2,600

59,110

370

0

4

Calcasieu/ Sabine 317,100

50,840

12,440

38,400

170

0

514,460

115,030

399,430

543,860

231,890

Total

2,441,700

*Due to delta building, acres will be gained in the Atchafalaya Basin

Wetland Functions
Wetland functions are the physical, chemical, and biological processes that
sustain the wetland ecosystem, irrespective of any interaction with humans, and can
be broadly grouped into biotic, hydrologic, and biogeochemical functions (Brinson,
1993; Smith et al., 1995). Examples of generalized wetland functions include surface
water storage (hydrologic), maintaining plant and animal communities (biotic), and
nutrient cycling (biogeochemical) (Table 2). The fish and wildlife functions (biotic) are
covered in detail later in this chapter. Like other wetlands nationwide, any specific
coastal wetland forest in Louisiana may or may not perform all of the functions listed
in Table 2. Functions of a specific wetland will vary in terms of functional capacity or
the degree to which they are performed depending on the health of the wetland and
the landscape setting (Mitsch and Gosselink, 2000a). Among the most important
functions of coastal wetland forests are biogeochemical nutrient transformations, flood
storage, and maintenance of characteristic plant communities.

Biogeochemical Nutrient Transformations
Wetlands are uniquely suited to mitigate the negative impacts of nonpoint
source pollution. Their landscape position and biogeochemical properties give them
both the opportunity and mechanisms to alter pollutant loadings to aquatic
ecosystems (Johnston, 1991). However, quantifying these capabilities for a specific
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wetland or class of wetlands requires a more detailed understanding of both the
wetland and the chemistry of the pollutant. For example, nitrogen and phosphorus
have different chemical characteristics and different controls of their fate and
transport. The reduction of inorganic nitrate to nitrogen or nitrous oxide gas provides
a pathway to remove a detrimental nutrient responsible for coastal eutrophication and
hypoxia (Rabalais and Turner, 1996). There is a wide range of denitrification rates
across wetland systems indicating a differential ability specific to the wetland (Mitsch
et al., 2001). However, natural forested wetlands generally have a high denitrification
capability (Ambus and Lowrance, 1991; Groffman et al., 1992; Ullah et al., in press).
Not all restored wetlands have denitrification rates as high as their natural
counterparts due to inadequate hydrology, little available carbon, or lowered microbial
activity (Hunter and Faulkner, 2001). Research results suggest loading rates below
178 pounds of nitrate per acre per year will maintain >70% removal (Faulkner and
Richardson, 1989; Mitsch et al., 2001; Lane et al., 2003).
In contrast to nitrogen, phosphorus has no gaseous outflow and, therefore, will
accumulate in wetlands, primarily in the soil compartment (Faulkner and Richardson,
1989). In wetlands with mineral soils, phosphorus retention can be predicted by
amorphous iron and aluminum oxides (Richardson, 1985). These oxides have a high
surface area and are chemically reactive as evidenced by their ready dissolution in
ammonium oxalate (hence the term, oxalate-extractable iron and aluminum).
Phosphate coming into the wetland is adsorbed by these oxides and retained in the
wetland soil. In wetlands with organic soils and little oxalate-extractable iron and
aluminum, phosphate is taken up by plants and converted to the organic form.
In these wetlands, phosphorus is retained by the build up of soil organic matter,
effectively burying the organic phosphorus with the organic matter (Craft and
Richardson, 1998). While initial phosphorus retention by organic accumulation or
oxalate-extractable iron and aluminum can be as high as 89.2 pounds per acre per
year, this rate is not sustainable since these mechanisms have a finite capacity and,
once filled, phosphorus will flow out of the wetland to downstream ecosystems
(Richardson et al., 1997). Analysis of outflow phosphorus concentrations as a function
of mass loading rate for 126 natural and constructed wetlands across the U.S.
indicates a change threshold at a loading rate of 8.9 pounds of phosphorus per acre per
year (Richardson and Qian, 1999). Below this rate, outflow phosphorus concentrations
are low and relatively constant while, above this value, outflow phosphorus
concentrations increase significantly with increases in loading rate. Data from a
eutrophication gradient in the Florida Everglades supports this hypothesis. In areas
where phosphorus loading exceeded 8.9 pounds per acre per year, there were
significant changes in dominant plant species from sawgrass to cattail with higher
plant productivity, macroinvertebrate diversity, and carbon mineralization rates
(Richardson et al., 1997; Richardson and Qian, 1999).
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Table 2. General wetland functions, related effects, and corresponding ecosystem services (adapted from
National Research Council, 1995).
Function

Effects

Ecosystem Service

Short-term surface water
storage

Reduced downstream flood
peaks

Reduced damage from
floodwaters

Long-term surface water
storage

Maintenance of base flows,
seasonal flow distribution

Provides fish habitat during
dry periods

Maintenance of high water
table

Maintenance of hydrophytic
community

Plant and animal biodiversity

Transformation, cycling of
elements

Maintenance of nutrient stocks
within wetland

Timber production

Retention, removal of
nutrients, pollutants

Reduced transport of nutrients
downstream

Maintenance of water quality

Accumulation of peat

Retention of nutrients, metals,
carbon

Maintenance of water quality,
carbon sequestration

Accumulation of inorganic
sediments

Retention of sediments, some
nutrients

Maintenance of water quality

Maintenance of characteristic
plant communities

Habitat for animals and plants

Biodiversity, recreation,
commercial harvests

Maintenance of characteristic
energy flow

Food web support

Biodiversity, coastal fisheries

Hydrologic

Biogeochemical

Biotic

Forest systems change over longer time scales, so there are few data available
to evaluate these effects on coastal wetland forests. While nutrient loading can have
detrimental effects on natural wetlands, many areas of Louisiana’s coastal wetland
forests are sediment and nutrient deficient as a result of the Mississippi River levee
system. Under these conditions, the addition of nutrients and sediments is the only
way for these ecosystems to maintain their surface elevation relative to sea-level rise
(Day et al., 2003). Rybczyk et al. (2002) found that wastewater additions to a forested
wetland near Thibodaux, LA significantly increased accretion rates (0.43 inches per
year) compared with an untreated control (0.06 inches per year). Most of the nitrate
input is removed through the denitrification process (Boustany et al., 1997; Lane et
al., 2003) and is lost to the system.

Flood Storage
Given their low-elevation landscape position and the high flood-tolerance of the
cypress-tupelo forest, coastal wetland forests have both the capacity and opportunity
to store floodwater. However, resources were not sufficient to estimate the magnitude
of this function.
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Fish and Wildlife Habitat
Coastal wetland forests provide important fish and wildlife habitat functions.
Songbirds, wading birds, waterfowl, raptors, reptiles, amphibians, mammals,
crawfish, and fish are all common inhabitants of Louisiana’s coastal forests.
Louisiana’s coastal forests support up to six threatened and endangered wildlife and
fish species (Table 3), although one of these species (Bachman’s warbler) is believed to
be extirpated from Louisiana and three other species (Gulf sturgeon, pallid sturgeon,
Peregrine falcon) use coastal forests as incidental habitat, if at all (i.e., Gulf and pallid
sturgeons). Few research studies have actually quantified habitat functions and values
of Louisiana’s coastal forests and research is desperately needed. However, from the
few Louisiana studies and studies in other forested wetland systems, it is generally
understood that the actual value of any particular tract is dependent upon the animal
species of interest and numerous forest characteristics including geographic location
and size of the forest stand, connectivity of the adjacent forest stands and habitats,
landscape composition, hydroperiod, vertical structure, tree sizes and species
composition (Merrell, 1977; Brody et al., 1989; Mitchell and Lancia, 1990; Skelly, 1995;
Schneider and Frost, 1996; Brokaw and Lent, 1999; Haila, 1999; Bodie and Semlitsch,
2000; Semlitsch, 2000; Barrow et al., in press). It is beyond the scope of this report to
review the life-history characteristics and habitat needs of all fish and wildlife species
using Louisiana coastal forests, however, a few representative species or groups of
species are discussed to illustrate some of the major structural characteristics and
abiotic processes that are important components in determining habitat functions of
Louisiana’s coastal forests.
Table 3. Threatened and Endangered fish and wildlife species of Louisiana’s coastal forests. Data are
from the Louisiana Natural Heritage Program’s website.
Common Name
State Status (year listed)
Bachman’s warbler1
Endangered (1989)
Bald eagle
Endangered (1989)
Louisiana black bear
Threatened (1992)
Threatened (1992)
Gulf sturgeon2
Pallid sturgeon2
Endangered (1992)
Threatened/Endangered (1989)
Peregrine falcon2
1 Believed to be extirpated from Louisiana.
2 Uses coastal forests incidentally.

Federal Status (year listed)
Endangered (1967; 1970)
Threatened (1995)
Threatened (1992)
Threatened (1991)
Endangered (1990)
Delisted (1999)

The geographic location of Louisiana’s coastal forests positions them within a
major migration corridor for migrating North American landbirds and the majority of
the following is summarized from Barrow et al. (in press). Each year millions of
landbirds migrate across or near the Gulf of Mexico during their winter and spring
migration. Virtually all of the eastern landbird species in the United States and
numerous species from the western United States migrate through the coastal forests
of Louisiana (Lowery, 1974a; Barrow et al., in press). These forests are the last, or
first, vestiges of land for many species prior to, or after, crossing the Gulf of Mexico,
respectively. Thus, these sites provide important food and cover resources for
songbirds that are either preparing for the trans-Gulf flight or that are recovering
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from the flight. Coastal forested wetlands are important to many species, partly
because these forests are often the largest remaining tracts of forests left along the
Gulf Coast. While these sites are critically important, they do not provide habitat for
all species. Species that rely on the understory and the forest floor for food resources
are often not found in the most frequently flooded forests because of poor understory
development. Thus, additional increases in flooding as a result of global climate
change or hydrologic alterations, can degrade less frequently flooded forests and
reduce their habitat quality for migrating songbirds.
While bottomland hardwood forests often support a high vertical and horizontal
diversity, many cypress-tupelo forests naturally have low horizontal and vertical
diversity because of frequent flooding and episodic periods of regeneration success.
Even so, cypress-tupelo forests often support species that are not found in higher
elevation plant communities (Wakely and Roberts, 1996). The number of species,
however, is affected by forest conditions. Zoller (2004) found that the number of
species of breeding migrant songbirds was less in forest degraded by hydrologic
changes than in relatively undegraded or moderately degraded forests. The reduction
in species was believed to be a result of a reduction in vertical structure as the forest
declined.
The prothonotary warbler is typically associated with cypress-tupelo stands and
because of the dramatic loss of these wetlands nationwide, the prothonotary warbler is
listed as a Tier 1 priority species by Partners in Flight (http://www.rmbo.org/pif/pifdb.
html). Thus, the extensive cypress-tupelo forests in Louisiana are extremely important
for the long-term survival of this species. The prothonotary warbler is only one
example of many songbirds that use Louisiana’s coastal wetland forests for breeding
and/or wintering habitat (Lowery, 1974a). The Atchafalaya Basin represents the single
largest tract of wetland forests left in the Lower Mississippi River Alluvial Valley, and
it is a critical component of songbird conservation efforts spearheaded by the Lower
Mississippi River Valley Joint Venture Office. Although scientists are becoming
increasingly aware of the impacts of hydrologic alterations on forest species
composition, forest structure, and forest productivity, it is still unknown as to what
impact these hydrologic alterations will mean to long-term avian productivity and
community structure.
Two birds of prey, the swallow-tailed kite and the bald eagle, are also of interest
in Louisiana’s Coastal Wetland Forests. The swallow-tailed kite is listed as a Species
of Special Concern by the State of Louisiana and is given the top priority by The
Nature Conservancy among locally threatened birds (Coulson and Sherry 2004). The
northern population of swallow-tailed kites, which includes Louisiana, has been slow
to recover from declines observed at the turn of the 20th century (Bent, 1937; Cely,
1979). Swallow-tailed kites use tall (> 69 ft) and/or super-emergent trees for nesting.
From 2002-2004, a total of 42 nests, old nests, and nest starts were found on and near
Pearl River and Sherburne Wildlife Management Areas as well as in the region of the
Joyce and Manchac Wildlife Management Areas (Coulson and Sherry, 2004). Swallowtailed kites were observed on several wildlife management areas and surrounding
private lands. Although nesting swallow-tailed kites are fairly tolerant of disturbance,
they are sensitive to forest management activities. Thus, the Louisiana Department of
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Wildlife and Fisheries has developed draft forest management guidelines for swallowtailed kites (Coulson and Sherry, 2004).
Bald eagles, listed as Federally Threatened, commonly nest in Louisiana’s
coastal forests. In 2003-2004, there were 234 active bald eagle nests in Louisiana and
an additional 84 inactive nests (George Melancon, Louisiana Department of Wildlife
and Fisheries, personal communication). Parishes supporting coastal forests tended to
have the highest densities of bald eagle nests. Terrebone (60), St. Mary (26),
Assumption (25), St. Martin (25), St. Charles (19), and Lafourche (19) parishes
supported the largest number of active nests; all other parishes had < 5 nests each.
Bald eagles are particularly susceptible to disturbance during nesting, and the U.S.
Fish and Wildlife Service Region 4 has guidelines governing activities, including forest
management activities, around eagle nests.
Louisiana’s coastal forests also provide important wading bird habitat
(Kushlan, 1997; Michot et al., 2003). White ibis, roseate spoonbills, wood storks, and a
variety of herons, egrets, and other wading birds utilize Louisiana’s coastal forests on
a permanent or seasonal basis (Lowery, 1974a). Wading birds establish rookeries in
coastal forests and marshes and use flooded forests, marshes, and/or aquaculture
ponds as foraging areas for breeding adults or young. The quantity and quality of
foraging habitat around rookeries are important in determining the presence, size, and
success of a given rookery (Kushlan, 1978; Hafner, 2000). Water depth, food types,
amount of cover, and concentration of food resources are among many factors
determining the quality of foraging habitat for wading birds (Kushlan, 2000). Water
depths that exceed the leg lengths of a specific wading bird species relegate those
habitats as unsuitable. Drawdowns, or a drying out of the swamp, can concentrate
food resources in drying pools and increase the quality of foraging habitat. In addition,
this drawdown stimulates vegetative productivity which then stimulates productivity
of invertebrates and vertebrate food resources.
Surveys of wading bird rookeries in South Louisiana in 2001, found 198 active
wading bird colonies of which 78 were in saline marsh, 48 in fresh marsh, and 44 in
forested wetlands (Michot et al., 2003). Six bird species had declined since the 1990
survey, and Michot et al. (2003) suggested that habitat change in the study area
should be evaluated as one possible explanation. These results should be viewed with
caution as they explain the weaknesses of their approach and design, but their work is
the best available to date.
Waterfowl also heavily utilize Louisiana’s coastal forests. Wood ducks, mallards,
hooded mergansers, gadwall, and other waterfowl utilize Louisiana’s coastal forests on
a permanent or seasonal basis for foraging and/or roosting habitat, thermal cover, or
for reproductive activities such as pairing and brood rearing (Lowery, 1974a). As with
wading birds, water depths are an important determinant of foraging habitat quality
as are productivity of plant and invertebrate communities (Baldassarre and Bolen,
1994). Drawdowns stimulate the production of annual moist-soil plants that typically
have high seed production (Fredrickson and Taylor, 1982). These seeds are used
extensively during fall migration and early winter (Fredrickson and Heitmeyer, 1988).
During spring, as waterfowl begin to shift into their breeding cycle, invertebrates
become more important to females because of the high protein requirements necessary
for egg production (Drobney and Fredrickson, 1979; Bellrose and Holm, 1994;
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Demarest et al., 1997). It is well documented that seasonally flooded wetlands support
greater diversity of invertebrates and invertebrate densities are greater on vegetated
sites (Batzer et al., 1999; Wissinger, 1999). Thus, seasonal drawdowns can directly
influence the diversity of invertebrates available as food for waterfowl, and indirectly
influence abundance by affecting vegetation densities.
More recently, extensive areas of Louisiana’s coastal forests have been impacted
by common salvinia. Common salvinia, a native of South America, is an aggressive
floating plant that prevents sunlight from reaching the water column and thus
reduces aquatic and wetland plant productivity and presumably negatively impacts
invertebrate communities. Common salvinia has dramatically reduced habitat quality
for waterfowl in Louisiana’s coastal forests. According to Robert Helm (waterfowl
program leader, Louisiana Department of Wildlife and Fisheries), the Lake Maurepas
basin was historically one of the most important basins for wintering waterfowl. In
recent years, however, common salvinia has reduced wintering waterfowl numbers to
< 20% of historic numbers. Several other forested wetland basins are also affected by
this plant and by other invasive aquatic plants.
Louisiana’s coastal forests are also important habitat for a variety of mammals
including gray squirrel, nutria, otter, beaver, a number of bats, and the threatened
Louisiana black bear. Several species of bats, including two species listed as federal
species of concern (the southeastern bat and Rafinesque’s big-eared bat (Martin et al.,
2002)), utilize hollow trees for roost sites (Hoffman, 1999; Cochran, 1999; Gooding and
Langford, 2004). Rafinesque’s big-eared bat frequently uses hollow water tupelo trees
that are characteristic of older cypress-tupelo forests (Mirowsky, 1998; Cochran, 1999;
Hoffman, 1999; Gooding and Langford, 2004). Although other species of trees,
including baldcypress, may be used as roost trees, water tupelo and black gum appear
to be most important to this species (Cochran, 1999; Lance et al., 2001; Gooding and
Langford, 2004). Gooding and Langford (2004) found that the average size of water
tupelo trees used as roosts in Northeast Louisiana was 47 inches while Cochran (1999)
found roost trees in the Mississippi River Valley in Arkansas to average 61 inches.
Rafinesque’s big-eared bats in several studies were associated with mature bottomland
hardwood forest, abundant roost trees, and relatively close proximity to permanent
water (Cochran, 1999; Lance et al., 2001, Gooding and Langford, 2004). These results
suggest that protection of existing roost trees, regeneration of water tupelo and black
gum for future roost trees, and management for mature bottomland hardwood forests
are important for this species (Gooding and Langford, 2004). It is worth noting,
however, that Menzel et al. (2001) found Rafinesque’s big-eared bats roosting in
abandoned structures in upland habitats, and males commonly foraged among sapling
stage pines. Thus, our understanding of habitat needs and the short- and long-term
effects of forest management on this species is incomplete.
The threatened Louisiana black bear has received extensive attention and is a
major component of habitat restoration efforts in the Lower Mississippi River Alluvial
Valley. The Louisiana black bear has three populations in Louisiana: 1) Tensas, 2)
inland, and 3) coastal. Louisiana black bear within the latter two populations rely
extensively on coastal forested wetlands for dens, food, cover, and travel lanes.
The coastal population of bears typically uses ground dens made from brush
piles and vegetation (Hightower et al., 2002). This is common of coastal populations of
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black bears in other parts of the U.S. (Hellgren and Vaughan, 1989; Wooding and
Hardisky, 1992), presumably because the milder climate does not necessitate tree
dens. The interior population, however, uses tree dens and ground dens equally
(Hightower et al., 2002). Most bears in the inland population are located in commercial
forests which may have limited availability of den trees (Hightower et al., 2002). Den
trees are important to black bears in frequently flooded environments as it reduces
reproductive failure (Alt, 1984). In the absence of adequate tree dens, black bears may
use ground nests in frequently flooded areas; however, the risk of cub mortality is
higher and population growth may be limited (White et al., 2001). Hightower et al.
(2002) noted that black bears from the inland population could (and did) reproduce
successfully in ground dens as long as flooding and human disturbance are minimized.
Although den trees did not appear to be limiting to either the coastal or inland
population, Hightower et al. (2002) recommended the protection of large den trees
because a large proportion of the population occurs in the Morganza floodway and
operation of the floodway would kill cubs in ground dens.
Large, hollow baldcypress trees are often used by denning black bears in
Louisiana (Taylor, 1971; Weaver et al., 1990). In other areas of the Mississippi River
Valley, dens in other species of trees, such as overcup oak are also used (Oli et al.,
1997), thus, the frequency of use of baldcypress trees as dens may be partially a result
of their size and abundance relative to those of other species. In fact, Hightower et al.
(2002) observed bear dens in oaks, American elm, sweetgum, and water hickory. The
U.S. Fish and Wildlife Service listing rule for the Louisiana black bear (U.S. Fish and
Wildlife Service 1992) defines candidate den trees as baldcypress or water tupelo > 36
in dbh with a visible cavity, occurring along rivers, lakes, streams, bayous, sloughs, or
other water bodies. Hightower et al. (2002) suggested that this should be expanded to
include all tree species meeting the size and cavity criteria, regardless of location
relative to water bodies. Oli et al. (1997) suggested that den trees should be protected,
but management practices should also aim at increasing abundance of large trees that
can be suitable den trees in the future. Although their study was conducted in
Arkansas, the recommendations seem prudent for the Louisiana black bear as well.
Coastal forests are also important for black bear food and cover (Weaver et al.,
1990). In the Tensas Basin, black bears fed in openings created by forest management,
some bears used logging slash as den sites, and thick cover, often a result of forest
management in the past one to five years, was used extensively. Higher elevation
ridges and bank tops were used as travel corridors (Weaver et al., 1990). As flooding
increases, the density of understory vegetation decreases and food and cover values
begin to decline (Nyland and Pace, 1997). Furthermore, if den sites are limited, the
risk of cub mortality can increase (Alt, 1984; White et al., 2001). Forest management is
an important component of black bear management (Weaver et al., 1990), but specific
practices should be implemented to maintain the vital requisites at the appropriate
scale for the Louisiana black bear.
A variety of turtles, frogs, snakes, alligators, and amphibians use Louisiana’s
coastal forests (Dundee and Rossman, 1989). Reptiles and amphibians have
experienced dramatic worldwide declines, with many of the declines related to habitat
loss and degradation (Wake, 1998; Alford and Richards, 1999; Gibbons et al., 2000).
The U.S. Fish and Wildlife Service listed 70 species of reptiles as endangered and
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another 18 species as threatened (Gibbons et al., 2000). A total of 17 species of
amphibians were listed as endangered and nine species were listed as threatened.
Ernst et al. (1994) suggested that if current trends continue, all turtle species in North
America will be threatened with extinction in the 21st century.
Habitat use of coastal forests by reptiles and amphibians varies among species,
sex, age, and season (Hebrard and Mushinsky, 1978; Kofron, 1978; Dundee and
Rossman, 1989; Petranka, 1998). While many reptiles and amphibians are considered
aquatic, they often require terrestrial habitats for hibernation, dispersal, basking,
and/or reproduction (Gibbons, 1970). Bodie and Semlitsch (2000) found that habitat
use of false map turtles and slider turtles differed among seasons, gender, and age, but
a diversity of habitats, including uplands, were heavily used. Alligator snapping
turtles in northeast Louisiana used flooded baldcypress forests almost exclusively
during post-breeding (Harrel et al., 1996), but alligator snapping turtles (as do all
Louisiana turtles) require elevated areas free from flooding for successful nesting to
occur (Ernst et al., 1994).
The actual species composition found within a given area will depend upon
landscape structure, vegetation structure and composition, hydroperiod, and other
factors. Some species of amphibians require drawdowns (e.g., American toad) for
successful reproduction, whereas others (e.g., bullfrog) require permanent water.
Turtles and alligators typically require access to higher elevation lands so that eggs
can be laid without flooding. If these higher elevation sites are small isolated strips of
land, predation by raccoons and other nest predators can be excessively high. Thus,
the integration of wetland habitat types and associated higher elevation sites is
important for the reproduction of many reptile and amphibian species.
Fisheries production in coastal forests is highly variable, in part, because of
spatial and seasonal variability in water quality and vegetative characteristics of
these habitats that can greatly impact fish distribution and abundance. Annual
inundations of river-floodplains that make up a large component of coastal forests in
Louisiana, such as the Atchafalaya and Pearl river basins, are important regulators of
energy exchanges between permanent lotic and seasonally flooded areas (Junk et al.,
1989, Sparks et al., 1990). The seasonal predictability of flood pulses over time have
led to adaptations and strategies of fishes that allow efficient utilization of many
habitats and resources created in coastal forests (Junk et al., 1989). Spawning, for
many fishes, occurs in association with spring floods, with fishes migrating into
inundated areas for feeding and shelter (Bayley, 1983; Holland et al., 1983;
Welcomme, 1985). Post-spawning, coastal forests may serve as nursery habitat for
many larval and juvenile fishes (Scott and Nielsen, 1989; Brown and Coon, 1994;
Bayley, 1995; Sparks, 1995), providing nutrients for growth and survival.
While inundated coastal areas provide many benefits to fish production,
changes in water quality associated with the flood pulse can negatively impact fish
growth and survival. When rising floodwaters stabilize, microbial respiration
overtakes primary production due to decomposition of large quantities of organic
matter in seasonally flooded areas (Junk et al., 1989; Bayley, 1995). In the
Atchafalaya River Basin, this condition creates periods of environmental hypoxia
(Fontenot et al., 2001) where dissolved oxygen levels often drop below 2.0 ppm (Bryan
and Sabins, 1979; Davidson et al., 1998; Rutherford et al., 2001). When floodwaters
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recede, hypoxic water drains from adjacent forested floodplains and mixes with the
normoxic (> 5.0 ppm) water found in connecting bayous, canals, and lakes. Although
adults of some fish species are able to efficiently extract oxygen or use alternative
modes of oxygen uptake in hypoxic areas (Kramer, 1987), these hypoxic conditions can
have a deleterious effect on fisheries production in backwater areas due to decreased
availability of dissolved oxygen necessary for fish growth and survival (Aday et al.,
2000). While there is little direct evidence of historic changes in Atchafalaya River
Basin water quality, anecdotal evidence from studies in the 1960s and 1970s (Bryan
and Sabins, 1979; Holland et al., 1983; Lambou, 1990) indicate that the spatial and
temporal magnitude of hypoxia has increased in recent decades.
The invasions of exotic aquatic macrophytes such as common salvinia, hydrilla,
and water hyacinth have also been shown to affect fisheries production in many
coastal forest habitats. Aquatic macrophytes provide important habitat for shelter,
breeding sites, and cover for numerous prey species (Balciunas and Minno, 1985) and
often increase production, abundance, and species richness of resident fish
assemblages (Killgore et al., 1989). However, exotic macrophyte introductions displace
native macrophytes such as Carolina fanwort and coontail, creating declines in
submergent and emergent macrophyte diversity and abundance (Colle and Shireman,
1980; Keast, 1984) and altering the distribution and diversity of fish and invertebrate
assemblages (Chilton, 1990; Chick and McIvor, 1994). Exotic macrophytes create
dense homogenous beds in littoral areas of water bodies in the Atchafalaya River
Basin, which may result in reduced access and foraging ability for littoral fishes
(Savino and Stein, 1982) and cause additional reductions in water quality (Colle and
Shireman, 1980; Langeland, 1996). Dense beds of aquatic macrophytes have been
shown to alter vertical gradients of light, temperature, dissolved oxygen, and pH
(Carpenter and Lodge, 1986; Madsen, 1997). Daytime dissolved oxygen concentrations
near the bottom of hydrilla beds are frequently hypoxic while dissolved oxygen
concentrations in the hydrilla canopy are normoxic. However, nighttime canopy
dissolved oxygen concentrations often fall to hypoxic levels. The constantly fluctuating
dissolved oxygen concentrations in hydrilla beds reduce the number of invertebrate
prey and fishes that can survive in both canopy and sub-canopy habitats.
As noted above, aquatic and wetland invertebrates are a major link in the food
chain of Louisiana’s coastal forests. Differences in invertebrate composition and
distribution among wetland types are driven by hydrologic regimes and vegetation
structure (Murkin et al., 1992). Wetland and aquatic invertebrate productivity is
critical for maintenance of wildlife populations, as well as fish populations. Stagnant
water, low dissolved oxygen, high water temperatures, and permanent flooding can
reduce invertebrate productivity and/or diversity (Batzer et al., 1999) and negatively
affect fish and wildlife populations dependent upon invertebrates for a food resource.
The most economically important aquatic invertebrates in Louisiana are, the
red swamp crawfish and the white river crawfish. As of 1991, Louisiana accounted for
90% of the North American harvest of crawfish (Huner and Barr, 1991), with the vast
majority of wild crawfish captured in the Atchafalaya Basin. In the cypress-tupelo
swamps of the Atchafalaya Basin that experience frequent overbank flooding (and
presumably periodic drawdowns), over 2,000 lbs per acre of crawfish can be harvested
in a given year. Studies in natural habitats in other areas of Louisiana indicate that
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quantities of harvest do not exceed 20 lbs per acre. This is partially a result of the fact
that many of the formerly productive areas outside of the Atchafalaya Basin have been
lost or hydrologically modified (Huner and Barr, 1991). It is also worth noting, that
despite its tremendous economic and cultural importance to the state of Louisiana, our
understanding of abiotic and biotic processes that affect wild crawfish production in
Louisiana are poorly understood and they have received little attention.
Louisiana’s coastal wetland forests provide important habitat for a wide range
of fish and wildlife species and continued degradation will negatively impact most fish
and wildlife species that are dependent on these forests.
Wetland Ecosystem Services
Ecosystem services are the benefits that humans and society derive from the
functions of an ecosystem and the value of these services can be quantified. Costanza
et al. (1997) estimated the value of ecosystem services worldwide and determined that
swamps and floodplains had the second highest economic value ($7,927 per acre per
year), second only to coastal estuaries ($9,248 per acre per year). Forested wetlands
provide a variety of ecosystem services including timber production, commercial fish,
fur, and alligator harvests, recreation, flood storage, water quality maintenance and
carbon storage (Messina and Conner, 1998). While there are no data specific to coastal
wetland forests, the following information was derived from published data for coastal
Louisiana that includes wetland forests.

Timber Production
Based on current stumpage volume and price, the value of the cypress-tupelo
timber in the area delineated by the Science Working Group is $3.3 billion (Paul Frey,
personal communication).

Commercial Fisheries, Fur, Alligator
The total value of freshwater fisheries and wildlife commodities in Louisiana in
2002 was $278,053,689 (Table 4). While this value is not exclusive to the area of
coastal forested wetlands, many of these resources rely on the benefits provided by
this ecosystem.

Recreation
Wildlife-associated recreation expenditures totaled $1.2 billion in Louisiana in
2001 (U.S. Department of Interior, Fish and Wildlife Service, 2001). While this value
is not exclusive to the area of coastal forested wetlands, many of these resources rely
on the benefits provided by this ecosystem. One growth industry in the state, and
especially southern Louisiana, is ecotourism. Efforts to promote ecotourism in
Louisiana have been undertaken by the office of the Lieutenant Governor and the
Department of Culture, Recreation, and Tourism. Prominent among ecotourism
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businesses are swamp tours, where visitors are taken by boats through bayous and
swamps. This industry is showing growth and is dependent on coastal forests for it’s
existence. As with recreation, no studies have been conducted to date to quantify the
impact of this industry, but the importance of coastal forests to its development is
evident.
In addition to swamp tours, bird watching (or birding) is a multimillion dollar
industry in Texas and is growing in Mississippi. Efforts are underway to develop
birding as an ecotourism industry in Louisiana, and coastal forests are integral in not
only providing destinations for this activity, but for providing the habitat necessary for
birds to survive and thrive.

Flood Storage/Storm Surge Protection
No economic data available.

Water Quality Maintenance
The biogeochemical functions of coastal wetland forests maintain/improve water
quality by transforming and retaining nutrients and pollutants (Faulkner and
Richardson, 1989; Lockaby and Walbridge, 1998), a potentially important ecosystem
service in coastal Louisiana. The anaerobic conditions in the wetland drive the
microbial conversion of nitrate (NO3-) to N2 or N2O, effectively removing NO3- from the
system. Phosphorus and metals are generally attached to suspended particles and
retained through wetland sedimentation processes (Faulkner and Richardson, 1989;
Lockaby and Walbridge, 1998). At the watershed scale, this ecosystem service links
coastal wetland forests to surrounding upland ecosystems (pollution sources) and
protects downstream aquatic ecosystems through hydrologic pathways that extend
beyond the wetland perimeter. Compared with conventional treatment facilities,
estimated cost savings range from $500,000 to $1.9 million per wetland (Breaux et al.,
1995; Cardoch et al., 2000).

Carbon
Although wetlands only comprise approximately four percent of the Earth’s land
area, they store almost 33% of the soil organic matter worldwide, constituting the
largest global soil carbon reservoir (Eswaran et al., 1993). High net primary
production in wetlands combined with slowed decomposition of organic matter under
anaerobic conditions results in soil carbon densities of 201 tons per acre for wetland
forests compared with 40 tons per acre for upland forests (Trettin and Jurgensen,
2003). This disproportionate amount of carbon storage and the biogeochemistry of
organic carbon cycling make wetlands an important component in global climate
change, greenhouse gases, and carbon sequestration.
Carbon dioxide and methane account for 80% of the global warming potential of
all greenhouse gases (IPCC, 1996), therefore, the release of these two gases from
wetlands can have significant impacts on global climate change. When wetlands are
drained and soil processes switch from anaerobic to aerobic, organic carbon is more
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rapidly oxidized to carbon dioxide and the basic function of the wetland changes from
being a carbon sink to a carbon source.
Table 4. Values of fisheries and wildlife commodities in Louisiana, 2002 (LSU Agricultural Center,
2004).
Commodity

Gross Farm Income

Value Added

Total Value

Aquaculture

123,715,104

80,414,818

204,129,922

Freshwater Fisheries
Marine Fisheries

10,530,247
161,313,290

8,950,710
153,247,626

19,480,957
314,560,916

208,984
5,426,685
40,407,546

47,648
2,713,343
2,020,377

256,632
8,140,028
42,427,923

3,618,228
$345,220,084

—
$247,394,521

3,618,228
$592,614,605

Fur Animals
Alligators (wild)
Hunting Lease Ent.
Honey
Total

Wetlands also release methane as an end product of methanogenesis and are
responsible for 20% to 40% of the annual global atmospheric methane flux (Bartlett
and Harriss, 1993). Methane is a powerful greenhouse gas with 20 times the warming
potential of carbon dioxide, however, methane flux varies among wetland types.
Tropical wetlands, with warm soil temperatures augmenting high microbial activity
year-round, account for 51% of the total wetland flux while the lowest emissions come
from temperate wetlands (10%) (Bartlett and Harriss, 1993). Many temperate
wetlands are seasonally inundated during periods of lower soil temperature with lower
water tables and aerobic soils in the upper part during warmer months. These
conditions not only reduce gross methane production, but also allow for significant
oxidation, which lowers the net methane emission (Updegraff et al., 2001).
Predicted sea-level rise will inundate coastal wetland forests and convert them
to open water, forever losing land area that currently sequesters carbon. The role of
coastal wetland forests in the global carbon cycle and their close proximity to rivers
and oceans make them an important component of any future climate change.

Economic Valuation
There are few data on the value of the specific ecosystem services provided by
coastal wetland forests and it is beyond the scope of this effort to develop accurate
estimates specifically for these wetlands. We can derive a rough estimate using
Costanza et al’s (1997) value of $7,927 acre per year for swamps and floodplains
multiplied by the estimated 845,692 acres of swamp forest area from USDA Forest
Service data (see Historic and Current Conditions of Cypress-Tupelo Forests in
Louisiana) for a total value of $6.7 billion per year. Based on the rate of swamp forest
loss from Table 1 (232,067 acres) annualized over 50 years (4,641 acre per year) this
yields an estimated value of $36,777,290 per year or about $1.8 billion in lost
ecosystem services over 50 years.
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Effects of Hydrologic and Salinity Changes on Structure, Functions, and Services
The dominant species in Louisiana’s coastal wetland forests, baldcypress and
water tupelo, are adapted to deep and prolonged flooding during the growing season
which gives them a competitive advantage over the less flood-tolerant species. If the
hydroperiod is reduced enough to allow the less flood-tolerant species to become
established, then those species will take over the site. It is much more likely that
increased inundation (both depth and duration) and soil saturation associated with
subsidence and sea-level rise will occur in coastal Louisiana.
The structure and function of Louisiana’s coastal forests will be significantly
affected by increased inundation. Plant community composition, ecosystem
productivity, carbon cycling, and greenhouse gas production are all strongly influenced
by hydrologic and redox processes in these forests. Species with morphological or
physiological adaptations to flooding dominate lower elevation positions with floodintolerant species relegated to the higher elevation ridges (Hodges, 1997). Despite
these adaptations, flooding is a stress that significantly lowers aboveground net
primary productivity (NPP) of southeastern floodplain forests and this impact is
magnified in areas undergoing rapid hydrologic transformation (Megonigal et al.,
1997). In addition, baldcypress seeds require a bare, moist seedbed and will not
germinate under water (Matton, 1915; DuBarry, 1963). The increased flooding depths
and durations in south Louisiana’s coastal wetland forests may be a factor in the poor
baldcypress regeneration.
Impoundments have been shown to have detrimental effects on adult trees
through reduced growth, crown dieback, increased susceptibility to insects and
pathogens, decreased root mass and increased tree mortality (Conner et al., 1981;
King, 1995; Keeland et al., 1997). The hydrologic changes produced by impoundment
are rapid in comparison to those due to subsidence and sea-level rise and effects on
forest productivity and turnover rates may differ between natural sites and artificial
impoundments. Despite the prevalence of coastal forests in the southeastern United
States and their critical location at the interface of aquatic and terrestrial systems,
our specific understanding of their current ecosystem functions and responses to
global climate change is, unfortunately, limited.
With increased subsidence and sea-level rise, saltwater intrusion into coastal
wetland forests reduces productivity and can kill baldcypress and water tupelo (Allen
1992, Krauss et al., 2000, Pezeshki et al., 1990). Baldcypress appears to tolerate
salinity to 8 ppt, but productivity and survival decline with salinity above 4 ppt
(Pezeshki et al., 1990; Conner and Askew, 1992; Conner, 1994; Pezeshki et al., 1995;
Allen et al., 1996; Conner and Ozalp, 2002).
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DEVELOPMENT OF LOUISIANA’S COASTAL WETLANDS
During the 20th century there was a massive loss of coastal wetlands, mostly
marshes, in the Mississippi deltaic plain region of Louisiana. At present, planning for
large-scale efforts to restore the delta, including forested wetlands, is occurring. In
order to do this, it is necessary to understand both the processes that formed the delta
as well as the forces that led to its deterioration. Natural processes and human
activity over the past 100 years have reduced the area of coastal wetland forests in
Louisiana. Natural loss processes are related to the delta lobe cycle of the Mississippi
River, while human-induced losses result from directly converting forested wetlands to
urban areas, suburban areas, agricultural areas, canals, and spoil banks. Analyses of
topographic maps and aerial photographs have led to accurate estimates of marsh loss
since the 1930s (Gagliano et al., 1981; Britsch and Kemp; 1991, Barras et al., 1994).
Unfortunately, estimates of coastal wetland forest loss based upon comprehensive
analyses of aerial photographs and satellite imagery are not yet available. It is
possible, and recommended, that future researchers will use aerial photographs and
satellite imagery to quantify the area of coastal wetland forests lost since the 1930s. It
is not possible to accurately estimate wetland loss rates prior to the 1930s because
there are no aerial photographs prior to the 1930s, and older maps lack the necessary
accuracy.
Most coastal wetland forests in Louisiana are a product of the Mississippi River
and therefore experience natural development and degradation cycles as do most
coastal marshes. Although wetland loss is a natural process in southeastern
Louisiana, the Mississippi River began creating wetlands about 7,000 years ago
(Figure 3) and until the early 1900s, always created more wetlands than were lost
(Stanley and Warne, 1994; Roberts, 1997). For example, extensive marshes filled
Breton and Chandelier Sounds whereas extensive bays filled the Terrebonne and
Barataria areas several thousand years ago but not when Europeans arrived in the
1600s (Coleman, 1988). While wetlands in Breton and Chandelier Sound were
converting to a shallow bay, the Mississippi River deposited sediments in shallow bays
that created new wetlands in the Terrebonne and Barataria areas. However, wetland
creation was not a simple, gradual process. Instead, the river rapidly built wetlands
and then gradually stopped flowing through them in favor of less obstructed paths to
the bays. For centuries after they were deposited by the river, the sediments continued
to compact, which caused the surface to subside (i.e., sink lower and lower). Despite
ongoing subsidence, most wetlands persisted for centuries before flooding increased so
much that vegetation drowned and the wetland converted to shallow open water.
A number of factors served to enhance the growth of the delta and retard its
deterioration. With the exception of the first delta lobe (Maringouin), significant parts
of all subsequent delta lobes have been incorporated into the current delta as a system
of overlapping and interwoven distributary systems. Overbank flooding, crevasse
splays, and reworking of sands have formed a skeletal framework of these natural
levee ridges and barrier islands within which the deltaic plain formed (Kesel, 1989;
Kesel et al., 1992). Ecosystem functioning and sustainability of the delta is controlled
by interactions of the Mississippi River and marine processes (Day et al., 1997). The
skeletal framework protected wetlands of the deltaic plain from erosion and salinity
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intrusion and slowed interactions between fresh-water and salt-water parts of the
delta. Until modified by human activity, many of the distributaries continued
functioning, delivering freshwater, sediments, and nutrients to large areas of the delta
plain.
Freshwater forms a buffer against salinity intrusion, and provides mineral
sediments, nutrients, and other materials, such as iron, that sustain healthier more
productive wetlands. The distributary network was very efficient in sediment
retention and about 25% of sediment flux was retained in the delta (Kesel, 1988).
Because of the widespread freshwater input and the protection afforded by the
skeletal network, floating marsh developed into a common marsh type. Riverine input
was important for coastal forested wetlands for several reasons. Freshwater input was
a buffer against saltwater intrusion, nutrients increased productivity, mineral
sediments strengthened soils and helped build up the elevation of the land, and iron
detoxified sulfide.
A very important mechanism in the formation and maintenance of the delta was
the formation of crevasses (Davis, 2000). Crevasse splays occur where overbank flow
becomes concentrated in a well-defined channel with enough scour capacity to erode
permanent or semipermanent breaks in the levee. Deposition of both coarse and finegrained sediments occurred in crevasse splays. Davis (2000) has documented hundreds
of crevasses since European colonization began and it is clear that crevasses were an
important element in the evolution of the delta. Forested wetlands often occur on
crevasse areas that have subsided.

Figure 3. Delta lobe changes over time. The delta cycle is a natural cycle of building and disappearance
of land. The river has built a new delta lobe about every 1,000 years since the end of the last ice-age,
about 7,000 years ago. The “Modern” delta lobe started about 1,000 years ago. The previous one, Bayou
Lafourche, started about 0 A.D. The delta lobe before that built most of St. Bernard Parish beginning
about 1,000 B.C. Around 2,000 B.C., the river ran through the area now occupied by Bayou Teche.
Natural wetland maintenance processes allowed the wetlands to persist for centuries after they were
initially created despite ever-present subsidence of the delta lobes.

It is important to understand that there were large gains and losses of land as
new channels were occupied and then abandoned, but there was a net overall gain of
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wetlands. Thus, the delta cycle can be seen as a balance between the forces that lead
to formation and maintenance of wetlands (the supply side) and the forces that lead to
loss (the receding system).
An understanding of the causes of land loss is important not only for a scientific
comprehension of the mechanisms involved, but also so that effective management
plans can be developed to restore Louisiana’s deteriorating wetland areas (see Boesch
et al., 1994 and Day et al., 2000 for a review of these issues). In essence, human
activity led to a reduction in the forces that led to delta growth and an enhancement of
forces that lead to delta deterioration. A number of factors led to the massive loss of
wetlands. Foremost among these are flood-control levees along the Mississippi River
that resulted in the elimination of riverine input to most of the delta (Boesch et al.,
1994; Day et al., 2000). In addition to the flood-control levees, most active
distributaries were closed, crevasses have been mostly eliminated, and the river
mouth was made more efficient for navigation. This has resulted in the loss of most
river sediments directly to deep waters of the Gulf of Mexico. There has also been a
reduction of the suspended sediment load in the Mississippi River caused by dam
construction in the Upper Mississippi River (Kesel, 1988, 1989).
Within Louisiana’s coastal area, pervasive altered wetland hydrology, mostly
caused by canals, is another important factor contributing to wetland loss. Canals,
originally dredged for drainage and navigation, are now overwhelmingly linked to the
petroleum industry. Drilling access canals, pipeline canals, and deep-draft navigation
channels have left a dense network of about 932 miles of canals in the coastal
wetlands. Although canals are estimated to comprise about 2.5 percent of the total
coastal surface area, their destructive impact has been much greater (Turner et al.,
1982). Spoil banks, composed of the material dredged from the canals, interrupt sheet
flow, impound water, and cause deterioration of marshes. Long, deep navigation
canals that connect saline and freshwater areas tend to lessen freshwater retention
time, and allow greater inland penetration of saltwater.
In summary, there is a broad consensus that wetland loss is a complex
interaction of a number of factors acting at different spatial and temporal scales (e.g.,
Turner and Cahoon, 1987; Day and Templet, 1989; Boesch et al., 1994; Day et al.,
1995, 1997). Day et al. (2000) concluded that isolation of the delta from the river by
levees was perhaps the most important factor.
For coastal wetland forests, taking the broader framework of the Mississippi
delta brings into focus the factors responsible for their deterioration. The forces that
led to the formation and maintenance of these forces have been reduced or eliminated
in most areas of the delta. Overbank flooding has been mostly eliminated. With the
exception of the bird’s foot delta, crevasse formation has been stopped, and most
distributaries have been closed. Thus, river input of freshwater, nutrients, and
sediments have been eliminated for most coastal forested wetlands. Since subsidence
continues unabated, forested wetlands have become continually more flooded.
Within the deltaic plain, the forces that lead to delta deterioration have been
enhanced. Foremost of these with respect to forested wetlands is saltwater intrusion.
Hydrological disruption via control of the river has reduced freshwater input, while
canal construction has led to much greater saltwater intrusion into coastal wetlands.
There are a number of examples where saltwater intrusion has caused mortality in
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forested wetlands. Perhaps the most notable case is the Mississippi River Gulf Outlet
(MRGO) where large areas of coastal forests were killed by high salinity due to this
major navigation canal. To a lesser extent, opening up of the coast exposes coastal
forests to higher wave energy, and some forests are being lost along exposed shores.
Characteristics of Major Tree Species Growing in Louisiana’s Swamp Forests
Baldcypress and water tupelo are the primary tree species in the coastal swamp
forests of Louisiana. Sites where these species grow usually hold water for most of the
year. In non-alluvial swamps, swamp tupelo is often the chief associate of baldcypress,
but both tupelo species may be present. Baldcypress and water tupelo typically grow
in more or less pure stands with black willow, red maple, water locust, overcup oak,
water hickory, green ash, pumpkin ash, pondcypress, and red bay being common
associates. Both baldcypress and water tupelo are extremely tolerant of flooding.
Baldcypress is moderately tolerant of shade, while water tupelo is intolerant. Even
though baldcypress and water tupelo grow in mixtures with other species, they do not
tolerate heavy shade. Baldcypress that develop in heavy shade do not usually develop
into large trees (Conner et al., 1986a).
Baldcypress wood has traditionally been favored because of its decay resistance
properties (Mattoon, 1915; Brown and Montz, 1986), although second-growth timber
lacks the resistance of old-growth trees (Campbell and Clark, 1960; Choong et al.,
1986). Water tupelo has been valued because of its white color, lack of odor or taste,
and good staining quality (Kennedy, 1982). Key to the management and conservation
of these coastal forests is an understanding of the reproductive biology of these
important tree species.

Flowering
Baldcypress, being a gymnosperm, does not produce flowers, but development
and maturation of the microsporangiate (pollen-bearing) and ovulate cones will be
generally referred to as flowering in the following. Baldcypress is monoecious-bearing
microsporangiate and ovulate cones on the same tree. The microsporangiate cones,
which are typically 3-5 inches long (Vines, 1960), initiate growth in mid- to latesummer, and complete development the following spring (Brown and Montz, 1986).
Ovulate cones, which develop near the apex of twigs in the fall, complete maturation
the following growing season (Brown and Montz, 1986).
Microsporangiate cones may begin shedding pollen as early as December, but
typically release pollen in March and April (Vines, 1960; Brown and Montz, 1986).
Wind carries pollen to the immature ovulate cone, which is typically 0.2 inches in
diameter with 18 to 20 scales (Brown and Montz, 1986). Ovulate cones develop rapidly
after pollination, producing a 1-1.5 inch subglobose cone with two ovules at the base of
each scale (Vines, 1960). The maturation process for ovulate cones is generally
completed in October through December (Wilhite and Toliver, 1990).
Water tupelo is a dioecious or sometimes polygamo-dioecious angiosperm
(Vines, 1960), flowering in March through April (Bonner, in press a). Staminate
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flowers are clustered while pistillate flowers are solitary on 1-2 inch peduncles (Vines,
1960; Radford et al., 1987). Pollen is carried by wind and insects to pistillate flowers
(Johnson 1990). Following pollination, the ovary and ovule develop into a 1-inch long
drupe with a ridged stone maturing in September to October (Vines, 1960, Radford et
al., 1987).

Seed Production
Three-year old baldcypress saplings and water tupelo sprouts as young as two
years old have been reported to produce viable seed (Priester, 1979; Brown and Montz,
1986). Though vigorous saplings and sprouts are capable of seed production, consistent
mast crops do not occur in either species until trees grow appreciably larger, i.e. about
30 years old or 8 inches dbh for water tupelo (Johnson, 1990). Wilhite and Toliver
(1990) noted that baldcypress trees will generally produce seed every year, but larger
seed crops occur every three to five years. In contrast, water tupelo trees may
consistently produce large seed crops on an annual basis (Johnson, 1990).
Ovulate cones of baldcypress sampled in Louisiana, Mississippi, Texas,
Arkansas, and Illinois produced on average 14 to 17 seeds (Faulkner and Toliver,
1983). In poor cone production years, cones also tend to produce fewer seed (Faulkner
and Toliver, 1983). Additionally, Bonner (in press b) noted that a large percentage
(over 50%) of baldcypress seed will usually be unviable, because the seed lacks an
embryo. Studies on water tupelo indicate that about 80% or more of mature seed are
typically viable (Bonner and Kennedy, 1973, Bonner, in press a). Because practical
techniques to predict seed crops and seed viability are not available, managers should
routinely monitor cone and fruit production as well as seed development and
maturation in stands designated to receive a regeneration harvest.

Seed Dispersal and Longevity in the Seed Bank
As mentioned above, ovulate cones of baldcypress complete maturation as early
as October. Beginning at this time and continuing for several months, seed is released
as cones break apart on the twig (Brown and Montz, 1986). Some cones fall from the
tree whole, and these cones also eventually shatter and release seed (Brown and
Montz, 1986). Fruit abscission in water tupelo occurs in October through December
(Bonner, in press a).
Baldcypress and water tupelo seeds are primarily dispersed by water or
hydrochory (Johnson, 1990; Wilhite and Toliver, 1990). Each species produces seed or
fruit that will float for extended periods (Schneider and Sharitz, 1988), and seed that
will remain viable under prolonged anaerobiosis (Applequist, 1959; Wilhite and
Toliver, 1990). Schneider and Sharitz (1988) indicated that baldcypress cones or scale
clusters floated for an average of 18 days, baldcypress seed floated on average 42 days,
and water tupelo fruit floated on average 85 days. Seed of both species are dispersed
non-randomly (Schneider and Sharitz, 1988), and this dispersal is driven by the
timing, magnitude and flow direction of floodwater (Schneider and Sharitz, 1988;
Middleton, 2000).
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In addition to hydrochory, water tupelo seed could potentially be dispersed by
animals. Several vertebrates are known to eat ripe water tupelo fruit, including
raccoon, white-tailed deer, squirrels, wood ducks, and other birds (Halls, 1977; Leopold
et al., 1998), but these reports do not indicate if the stone is digested or voided.
Baldcypress seed is not consumed as readily as water tupelo, but is a dietary
component for squirrels, wild turkey, and occasionally ducks (Brunswig et al., 1983).
Additionally, evening grosbeak feeds on the seed when winter migratory patterns
bring them into southern swamps (Brunswig et al., 1983). Documentation of
baldcypress seed dispersion by animals is not readily available in the literature.
Investigations indicate that baldcypress and water tupelo seeds that have been
distributed by hydrochory tend to accumulate near emergent substrates such as logs
and tree bases (Schneider and Sharitz, 1988). Seed viability for these species can
decline relatively quickly in the seed bank if favorable environmental conditions are
not present. Middleton (2000) reported that 58 % of baldcypress seed placed on the soil
surface in an Illinois swamp were viable after 100 days, and about 6 % remained
viable after a year. In contrast, Demaree (1932) demonstrated that some baldcypress
seed can remain viable for as long as 30 months when submerged under water.
Likewise, work conducted on water tupelo confirmed that seed could remain viable for
up to 14 months when stored under water (Applequist, 1959). Nevertheless,
baldcypress and water tupelo seed crops that have been in the seed bank for more
than a year should probably not be considered reliable for producing a seedling cohort
following a regeneration harvest.

Seed Germination and Seedling Establishment
While little silvicultural research has been conducted in cypress-tupelo forests,
there has been some research on regeneration and successional patterns following
disturbance. Natural regeneration of baldcypress was poor to non-existent in south
Louisiana swamps following logging operations in the 1980s (Conner et al., 1986a),
mainly because the swamps remained flooded for much of the year. Baldcypress seeds
cannot germinate in standing water (Demaree, 1932) or do not grow tall enough
during short drawdown periods to survive subsequent flooding. In the Okefenokee
Swamp, Georgia, over 90% of the pondcypress has been removed by logging, and there
has been a shift of large pondcypress areas to mixed or bay swamps because of poor
pondcypress regeneration (Hamilton, 1984). Limited regeneration of baldcypress
occurred in logged or burned swamp forests in south Florida, but no regeneration was
found in logged and burned sites (Gunderson, 1984). While surface fires may enhance
cypress regeneration by reducing competition, severe or frequent fires generally result
in conversion of cypress forests to prairie (Hamilton, 1984) or willow stands
(Gunderson 1984). In swamps that have not received impacts to the hydrologic regime,
natural regeneration can occur if favorable environmental conditions exist (Gardiner
et al., 2000).
Upon dispersal in the fall, seeds of baldcypress and water tupelo will typically
exhibit dormancy. Seed dormancy for both species is broken by stratification in a cold,
moist environment that softens the seed coat (Murphy and Stanley, 1975; Bonner, in
press a and b), and the germination process is initiated when favorable environmental
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conditions prevail in the seed bank. Germination by both species is epigeal - meaning
that after the primary root emerges from the seed into the soil, cotyledons are pulled
above ground by the hypocotyl (Maisenhelder, 1969; Raven et al., 1999; Bonner, in
press a and b). Though these plants thrive on anaerobic soil, the germination process
is only initiated under aerobic conditions (DuBarry, 1963), such that the primary root
avoids saturated soil and expanding cotyledons avoid overtopping by floodwater.
Studies in controlled laboratory chambers indicate that a majority of stratified
baldcypress and water tupelo seeds will germinate within 2 - 2.5 weeks of exposure to
a favorable environment (Bonner, in press a and b).
Young seedlings in a wetland environment must grow rapidly to reduce the risk
of canopy submersion by future floods during the growing season (Conner et al.,
1986a). Baldcypress is site exacting but regenerates well in swamps where the
seedbed is moist during the time period of seed germination and seedling
establishment. Baldcypress seedlings can withstand complete inundation for up to 45
days (Souther and Shaffer, 2000), but long-term flooding above the foliage results in
high mortality. Flooding below the canopy of the developing seedlings will help reduce
or eliminate competitors. As a result, baldcypress stands are usually made up of
several even-aged classes that reflect isolated periods when a good seed crop was
followed by low water (Mattoon, 1915). Once established, young seedlings grow
rapidly, often reaching heights of 8-14 inches the first growing season and 16-24
inches the second season (Mattoon, 1915).
Few studies have documented the early survival and growth rates of
baldcypress and water tupelo during natural regeneration. Keeland and Conner (1999)
found successful regeneration of baldcypress along some shore edges of Lake Chicot
when it was drawn down during 1986-1987 for dike repair. Baldcypress density
averaged nearly two seedlings per yd2 at the end of one growing season and
throughout 11 growing seasons. Height of baldcypress seedlings averaged 30 inches,
124 inches, and 187 inches in 1987, 1992, and 1996, respectively. Water tupelo
seedlings established in the Mobile Delta of Alabama averaged about 10 inches tall
after 1 growing season, and developed to about 39 inches tall by the end of three
growing seasons (Gardiner et al., 2000). Baldcypress seedlings raised under the ideal
conditions of a nursery bed grow 30-40 inches tall in a growing season (Williston et al.,
1980). However, height growth realized in the field by either species will ultimately be
determined by several factors including germination date, growing season length, and
various site factors such as substrate type, light level, water table depth, and amount
of competition. When favorable conditions for germination and seedling growth do not
immediately proceed a regeneration harvest, stand regeneration can only occur
through coppice or artificial regeneration practices.

Fruit and Seed Pests
There are relatively few damaging agents reported for developing cones of
baldcypress and developing flowers and fruit of water tupelo. The baldcypress
coneworm can be a destructive pest, as the larvae tunnel into the ovulate cone and
feed on the seed (Merkel, 1982). Two other species, the southern pine coneworm and
the south coastal coneworm, have been collected on baldcypress cones, but the extent
Conservation, Protection and Utilization of Louisiana’s Coastal Wetland Forests

26

of their damage has not been determined (Merkel, 1982). Small galls containing larvae
are formed in ovulate cones by the baldcypress seed midge and Faulkner and Toliver
(1983) speculated that seed viability may be reduced as a result of larval feeding.
Bonner and Kennedy (1973) noted that the forest tent caterpillar occasionally
defoliates water tupelo stands, and in doing so destroys flowers. In his review of water
tupelo seed, Bonner (in press a) did not document any insect pathogens on water
tupelo fruit or seed.

Vegetative Reproduction
Vegetative reproduction by baldcypress and water tupelo is limited to sprouting
of established stools. Following a disturbance that removes or kills the bole, sprouts of
both species will originate over the remaining above-ground portion of the stem. Water
tupelo sprouts originate from both latent and adventitious buds, with adventitious
buds occurring most frequently near the ground-line (Hook and DeBell, 1970). It is not
known if baldcypress sprouts originate from latent or adventitious buds, however, it is
probable that the species produces both bud types.
Several factors may determine the coppicing ability of baldcypress and water
tupelo stumps. In general, it is believed that sprouting for both species is most prolific
on young stumps from stems that were harvested during the dormant season. For
example, Williston et al. (1980) indicated that baldcypress stumps 10-14 inches in
diameter reliably sprout when boles are harvested in the fall or winter. Mattoon (1915)
reported that stumps of vigorous stock up to 60 years old can generally be counted on
to send up healthy sprouts. Since the majority of Louisiana's virgin baldcypress was
logged during 1890-1925, the second growth trees now being harvested are
approximately 80-115 years old and may have passed the age of maximum sprouting
potential. In addition to age and season of harvest, stump height, felling method, and
harvesting level can influence the viability of stumps and vigor of sprouts (Ewel, 1996;
Gardiner et al., 2000; Hook and DeBell, 1970; Kennedy, 1982).
Though baldcypress and water tupelo apparently stump sprout readily, some
investigators have observed poor vigor and high mortality rates of stump sprouts,
decreasing the reliability of vegetative reproduction for these species on some sites.
For example, Conner et al. (1986a), who studied stump sprouting of baldcypress
following timber harvests in Louisiana in the 1980s, reported that 80% of all of stumps
sprouted initially after logging, but fewer than 25% retained live sprouts four years
after harvest. Conner (1988) included data from a number of studies in Louisiana with
results of stump sprouting following partial harvesting. Stump sprouting was variable,
but generally low to unacceptable (Table 5). Similarly, Ewel (1996) reported only 17%
survival of pondcypress stump sprouts a few years after harvests in Florida swamps.
Prenger (1985) noted that the amount of overstory removal in a Louisiana secondgrowth cypress-tupelo forest affected the number of live sprouts found three years
after harvest. Stump sprouting was less successful in dense stands. It is not clear from
this work, how many stumps were evaluated, but they did indicate that survival was
very poor just three years after harvest, and the sprouts were not expected to develop
into quality trees because of frequent and prolonged flooding.
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Table 5. Survival of coppice regeneration on eight sites in south Louisiana following logging operations
(Conner, 1988).
Area

Percent stump sprouts alive in 1987

1a

Year
harvested
1980

1b
2
3
4
5
6
7

1980
1981
1982
1983
1983
1983
1983

0
9
11
21
3 to 14
17 to 23
3 to 8

6

Size of Area
(acres)
618 = 1a and b
combined
618
32
1850

Gardiner et al. (2000) studied regeneration after clearcutting in the MobileTensas River Delta of Alabama. Harvesting was done in the winter (often reported by
others to enhance sprouting) and was followed by a relatively dry summer (often
reported to also enhance regeneration). The original stands consisted of 61%
baldcypress. Seedling regeneration in this case was high (due to the dry summer), but
stump sprouts represented only 7% of the first year regeneration. No long-term
measurements were reported, but stump sprout survival would be expected to decline
over time.
Spencer et al. (2001) conducted a study of 20 sites ranging from 3-17 years after
harvest, but only two sites contained substantial number of baldcypress as overstory
trees and three sites contained substantial numbers as understory trees. They found
baldcypress was characterized by a low percentage of stems originating from stump
sprouts. They also indicated that only small trees impacted by beavers sprouted well.
Their data could easily be misinterpreted as they often combined all bottomland
species when reporting sprouting.
Reliability of water tupelo stump sprouting is equally as questionable. Hook et
al. (1967) described prolific stump sprouting of water tupelo stumps in South Carolina
swamps, and Aust et al. (1997) indicated that stump sprouts were the source of over
80% of the overstory on a study site in the Mobile Delta, Alabama. Likewise, Gardiner
et al. (2000) reported sufficient water tupelo stump sprouting to regenerate a Mobile
Delta swamp. Kennedy (1982), however, observed substantial stump rotting and
sprout mortality that led to a regeneration failure of water tupelo in the Atchafalaya
Basin of Louisiana. Because of the variability in stump sprouting of baldcypress and
water tupelo observed across the region, managers implementing regeneration
harvests should familiarize themselves with the long-term coppicing potential of local
stands prior to implementing regeneration harvests.
Most evidence suggests that stumps commonly sprout in large numbers, but
most sprouts die within a few years. Use of early sprouting results, often highly
inflates actual long-term regeneration estimates and probably leads to unreliable
predictions of success and the final contribution of coppice regeneration to new stand
establishment. We know of no studies that have followed coppice regeneration of
baldcypress for more than five to eight years. Anecdotal evidence from those spending
many years in the swamps suggests that some sprouts survive to older ages, but that
the frequency of such trees may be low. It seems few studies of long-term stump
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sprouting as a form of regeneration in baldcypress have been conducted. A current
survey of long-term stump sprout success is described in another section of this report.
Silvicultural Practices in Coastal Forested Wetlands
Managing forested wetlands for timber production is a difficult job because of
the periodic to continuously flooded nature of these sites. Furthermore, management
of these stands is made more difficult because hundreds of thousands of acres in the
southern United States have been subjected to continual high-grading or harvesting of
the better quality trees and leaving poor quality trees (Hanna, 1981). An additional
current management problem was created by canal construction practices in previous
centuries. During the late 1800s and early 1900s, logging methods in wet areas
included construction of canals and railway lines for access and transport of logs as
well as the construction of levees to keep forests flooded to float out logs (Davis, 1975).
In addition, flood control canals, oil and gas canals, and road construction through
wetland areas resulted in major changes to the natural hydrologic regime of much of
coastal Louisiana (Conner et al., 1981).
Although there is a considerable body of knowledge regarding silvicultural
practices for the drier end of the forested wetlands continuum (e.g., wet pine flats),
and a limited amount of silvicultural research regarding moderately well drained to
poorly drained bottomland hardwoods, there has been little research into optimum
silvicultural practices for the wetter portion of the forested wetlands continuum (e.g.,
swamp sites). Lacking long-term research information, management recommendations
must be based on limited studies and general experience.
The majority of the virgin wetland forests were cut over during the late 1800s
and early 1900s. Although there has been a general trend of land loss of these forested
wetlands during the past 100 years (Frayer et al., 1983; Dahl et al., 1991), there are
still vast areas of second-growth timber existing today (Williston et al., 1980; Kennedy,
1982), and standing crop volumes have continued to increase since the 1950s (Brandt
and Ewel, 1989; Conner and Toliver, 1990). Over 75% of the cypress growing stock is
located in Florida, Louisiana, and Georgia (Table 6). Tupelo growing stock is more
widespread among the southern states, and there is nearly twice as much of it as
compared to baldcypress.
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Table 6. Growing stock volume of cypress and tupelo by state1.

_____________________________________________________________________________
State
Cypress2
Tupelo3
_____________________________________________________________________________
------------------- million cubic feet ----------------Alabama
160.0
1039.1
Arkansas
247.2
464.6
Florida
2328.8
1484.3
Georgia
800.3
1932.3
Louisiana
1462.5
1146.5
Mississippi
214.8
732.5
North Carolina
408.5
1571.3
South Carolina
522.8
1535.6
Tennessee
81.4
274.6
Texas4
109.4
247.7
Virginia
50.2
459.0

_____________________________________________________________________________
1From

the most recent published U.S. Forest Service survey data available
baldcypress and pond cypress
3Includes both blackgum and other gums/tupelos
4East Texas only
2Includes

Silvicultural Systems
Baldcypress trees should have annual growth rate of 0.2-0.3 inches in diameter
and two feet in height during their first 50 years (Johnson and Shropshire, 1983).
Water tupelo generally grows faster than baldcypress but does not live as long or
reach as great a size on similar sites. Average annual growth of water tupelo should be
0.3 inches in diameter and two feet in height (Putnam et al., 1960). Baldcypress can
live for hundreds of years (Stahle et al., 1988), but height growth generally ceases at
about 200 years. It is common practice to harvest baldcypress and water tupelo before
they reach 100 years in age (Hodges, 1994).
It has been suggested that baldcypress and tupelo stands should be managed on
an even-aged basis because of the silvical characteristics of the species, the nature of
the existing stands, and the sites they inhabit (Putnam et al., 1960; Stubbs, 1973;
Smith and Linnartz, 1980; Johnson and Shropshire, 1983). The most common
regeneration method used is clearcutting when stems reach the desired size (Stubbs,
1973; McKnight and Johnson, 1975; Johnson and Shropshire, 1983). Residual stems
should be removed or deadened to limit competition (Williston et al., 1980).
Advance reproduction is usually sparse in these swamps because of the
extremely dense nature of the stands allowing little sunlight to reach the forest floor
and the standing water that is often present (Meadows and Stanturf, 1997). If the
stand is very dense, a light thinning to reduce basal area to 130-150 square feet per
acre may be necessary during a dry cycle to allow sufficient sunlight to the forest floor
to encourage establishment and development of advance regeneration (Meadows and
Stanturf, 1997). McKnight and Johnson (1975) recommend a series of periodic cuts
beginning with a commercial thinning (removal of smaller trees of poorer quality)
when dominant trees reach 8-10 inches in diameter. A second thinning should be done
when dominant trees average 14-16 inches in diameter and a third cut when they
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average 20-22 inches. This is not easy to do in areas where standing water for most or
all of the year is common.
Baldcypress tends to grow well at high densities (Wilhite and Toliver, 1990).
Basal areas of 250-350 square feet per acre are common in cypress-tupelo stands.
There is evidence that thinning enhances diameter growth in baldcypress (Table 7).
The goal of thinning should be 100-110 square feet per acre or less. For economic
reasons, it may be desirable to cut heavier amounts, but Williston et al. (1980)
recommend leaving at least 70 square feet per acre. Crown thinning in baldcypress
forests to 50% of original basal area increases diameter growth by 2.5 to 2.75 times
that of unthinned stands (McGarity, 1977; Dicke and Toliver, 1988). Thinning to that
level, however, may produce an abundance of epicormic branches (increase from <1%
of trees in unthinned stand to 28% in thinned stand) which may lower timber value in
the future. Dicke and Toliver (1988) recommended removing approximately 40% of the
original basal area in closed canopy stands as the best alternative since this level
produced good growth with fewer epicormic branches.
Table 7. Effect of thinning on diameter growth of baldcypress. Thinning treatment represents percent
reduction in basal area.
Location
Louisiana
(Dicke and Toliver, 1990)
Florida
(McGarity, 1977)

Thinning
Treatment
Unthinned
18%
36%
54%
Unthinned
38%
57%
76%

Diameter Growth (in/yr)
0.06
0.09
0.10
0.15
0.06
0.15
0.16
0.24

The results of thinning in tupelo stands are mixed. While McGarity (1977)
reported that thinning increased growth of residual tupelo trees, Kennedy (1983)
reported that thinning intensity had no significant effect on tupelo diameter and
height growth. Defoliation of trees in the latter study by the forest tent caterpillar may
be one explanation of the difference in response. Many tupelo forests along the Gulf of
Mexico are defoliated annually and, while the trees do not usually die, their growth is
retarded (Morris, 1975). See also the information on defoliation effects on growth in
latter sections of this report.
Jackson and Stokes (1991) indicated that standard harvesting practices, consist
of using rubber-tired feller bunchers and skidders but that other operations are
sometimes practiced on wet sites in order to minimize harvesting impacts. These
include the use of wider, high flotation tires for skidders and feller bunchers, widetracked feller bunchers, portable mats, tracked excavator-type machines, cable
operations, and/or helicopter removal systems (Willingham, 1989; Aust et al., 1990;
DeCosmo et al., 1990; Stokes and Schilling, 1997). In general these types of systems
are used in order to minimize site disturbance and ensure the flow of wood from wet
sites. Impacts of some of these logging techniques on forested wetland functions have
been studied to a limited degree (Aust, 1989; Mader, 1990).
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The impact of logging operations on productivity has only recently been studied.
The clearcut method of regeneration is probably the best approach for harvesting and
regenerating these swamp forests (Stubbs, 1973; McKnight and Johnson, 1975).
Mader (1990) reported rapid recovery of aboveground primary production of water
tupelo, ash, and baldcypress following clearcutting of water tupelo-baldcypress forest
in a red river bottom in Alabama (Table 8). In addition, Mader found no significant
difference in the response of the forest to helicopter or skidder logging operations, and
he predicted that it would take only a few years for the disturbed sites to be as
productive as the undisturbed forest. Gellerstedt and Aust (2004) remeasured this
research project after 16 years and found that both the helicopter and skidder
harvested sites were well stocked with baldcypress (90 and 93 stems per acre,
respectively) and tupelo (543 and 676 stems acre, respectively). Both harvest methods
had impressive timber volume at 16 years of age. The helicopter harvested sites
averaged 42.4 tons per acre and the skidder harvested areas averaged 49.1 tons per
acre. An important factor to remember when considering these studies is that both
were conducted in areas with rapid natural reproduction and no major change
occurred in site conditions. If hydrologic conditions have been changed, natural
regeneration may be hampered and recovery rates may be much slower or even
nonexistent (Sharitz and Lee, 1985; Conner et al., 1986a).
Table 8. Aboveground net primary productivity (tons per acre per year) in a cypress-tupelo forest in
Alabama following logging in 1986 (Mader, 1990).
Treatment
Control (no logging)
Helicopter logged
Skidder logged

1987
5.3
2.3
3.4

1988
5.9
4.1
4.2

Artificial Regeneration and Restoration
Because of the exacting requirements for germination and establishment
(Stubbs, 1973; Brandt and Ewel, 1989) and the variable success of stump sprouting
(Hook et al., 1967; Kennedy, 1982; Conner, 1988), planting of baldcypress and water
tupelo is likely necessary in many areas to ensure adequate stocking of future stands
(Bull, 1949; Conner et al., 1986a). While there has been little success in planting water
tupelo (Silker, 1948; DeBell et al., 1982), much better results have been obtained with
baldcypress. Planting one-year-old baldcypress seedlings at least 3.3 feet tall and with
root collar diameters larger than 0.5 inches improves early survival and growth
(Faulkner et al., 1985). An 8 x 8 foot spacing has been generally recommended,
although regular spacing may not be possible unless the area was clearcut (Mattoon,
1915; Williston et al., 1980). Even when planted in permanent standing water, height
growth can average 8-12 inches per year when there are no herbivory problems
(Conner, 1988; Conner and Flynn, 1989). Planting in areas that have not been clearcut
can lead to poor establishment success if competition from other species is severe.
Even in clearcut areas, competition from remaining understory tree and shrub species
may lead to failure of regeneration to establish a new stand.
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While data are limited, it seems that plantation-grown baldcypress grow
quicker than natural stands and may even grow more rapid than some hardwood
species (Krinard and Johnson, 1987). Planted baldcypress grew over 6.6 feet in height
in five years in a Louisiana crayfish pond (Conner et al., 1993a). In Mississippi, a
plantation established on an abandoned agricultural field resulted in baldcypress trees
up to 69 foot tall at age 41 years (Williston et al., 1980). Another Mississippi
baldcypress plantation contained trees 70 foot tall and 14 inches in diameter after 31
years (Krinard and Johnson, 1987). In comparison, Mattoon (1915) reported height
growth of 42-52 foot by age 40 for naturally established second-growth baldcypress in
Maryland and Louisiana.

Plantings Outside of Louisiana
Tennessee. The Tennessee Valley Authority was responsible for large-scale
plantings of baldcypress in the 1930s and 1940s. Several hundred thousand
baldcypress were planted along the margins of fluctuating reservoirs. Survival rates of
95% and height growths of 30 foot in 11 years were reported (Bull, 1949). Plantings by
TVA personnel in 1970 and 1972 had survival rates of 95 to 100% after six years
(Bates et al., 1979). Beaver and competition from herbaceous species were the major
limitations to operational scale plantings in TVA plantings.
Ohio. The Ohio state forestry groups also encouraged the planting of
baldcypress. Mattoon (1915) reported that over 75,000 seedlings were planted in Ohio
before 1915. The only record that exists for those trees, however, is that they made
satisfactory growth (Mattoon, 1915).
Mississippi. Krinard and Johnson (1976) reported that plantation-grown
baldcypress grow as well as, or better, than hardwood species growing on loess soils in
small, unthinned plantings. After four years, 62% of the baldcypress seedlings planted
on a 6 x 10 foot spacing were still alive and averaged 7 foot tall. After 21 years, 41% of
the trees were still alive, and the average diameter was 6 inches.
South Carolina. In South Carolina, DeBell et al. (1982) conducted a study of the
growth of five species on drained lowland areas. They planted seedlings on a 2 x 2 foot
spacing and remeasured the trees after five and twenty years. Baldcypress survival
averaged 83% after five years, and the mean height was 4.6 feet. After 20 years,
survival was still good, but growth had stagnated in the dense plantings.
One hundred root-pruned baldcypress seedlings were planted on February 25,
2002 on Hobcaw Barony, near Georgetown, South Carolina to demonstrate how the
site could be reforested. The site was a 15 acre saw-grass marsh in the central portion
of a drainage with mature baldcypress growing on the southern and western margins.
Hydrology in the area was stabilized years ago with construction of a downstream
pond, but does fluctuate some depending upon rainfall events. The site has very poorly
drained, moderately permeable soils formed in organic deposits of the remains of
herbaceous and woody plants. These very nearly level organic soils are covered by
water most of the year. The marsh was burned during winter 2001 to remove the dead
saw-grass material. All seedlings were enclosed in tree shelters because of the
competition expected from the saw-grass. Survival was 100% after two years. The sawgrass grew back quickly after burning, but the seedlings continued to survive and
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grow. Height growth during the first year was only four inches, but increased to 16
inches the second year.
Two hundred and fifty root-pruned baldcypress seedlings were planted on April
2, 2002 as a demonstration for the Natural Resources Conservation Service in the
Pocotaligo Swamp near Sumter, South Carolina. Prior to 1950, the Pocotaligo Swamp
was noted as a river-swamp system with many well-defined flowing streams, and
dominated by a dense community of water tupelo and baldcypress. In the 1950s and
early 1960s, most of the trees were harvested from the swamp north of U.S. Highway
301. Clear-cut logging operations left access roads (over 35 of them) across the swamp
which blocked stream channels and obstructed the natural water flow within the
swamp. Water levels in the swamp increased, which suppressed and prevented
natural tree regeneration. This shallow, permanent flooding provided ideal conditions
for aquatic weeds to grow. These aquatic weeds further reduced water flow and
increased flood levels. Tree shelters were placed on all seedlings to protect them from
beaver. Seedlings grew 21 inches the first year and 22 inches the second year with a
98% survival rate after two years. In other parts of the Pocotaligo Swamp, height
growth of 17-20 inches has been reported (Conner et al., 1998). Reasons for the
excellent growth of seedlings in this swamp include the open canopy allowing plenty of
light to reach the forest floor. In addition, the swamp has been a receiving basin of
water from a sewage treatment plant on the northern end of the swamp for many
years, and the site is probably nutrient rich.
Restoration of bottomland and swamp sites on two stream systems on the
Savannah River Site (SRS) has been occurring for the past 14 years. These sites were
disturbed by effluents from nuclear production reactors that raised the water
temperature and water depth. It was essential to replant these sites as they had been
chronically disturbed for 40 years and no sprouting activity was possible from the
long-dead, previously existing forests. A supplemental issue of Ecological Engineering
(Vol. 15, Suppl. 1; 2000) summarized the results up to 1996. Baldcypress restoration is
specifically discussed in articles by Conner et al. (2000), Dulohery et al. (2000), and
McLeod (2000). These planting trials involved different planting stock types, habitats,
tree shelters, root pruning, and competition controls. Baldcypress was easily the most
successfully regenerated species in all of these trials, regardless of the planting
situation.
The species trials planted in Fourmile Branch were resurveyed in 2002/03.
Since 1996, baldcypress survival has changed very little, regardless of whether the
trees were planted as root-pruned bareroot seedlings or large balled-and-burlapped
saplings. The trees have grown tremendously, with baldcypress saplings now over 35
feet tall, with abundant seed production. These surviving and prospering individuals
are now affecting the abiotic environment through shading. Subsequent forest
succession will likely see additional species naturally invade the delta as a result of
these changes. In addition, these larger individuals are now producing seed to
potentially recolonize the habitat.
In one experimental trial, baldcypress were planted in fairly close proximity to a
beaver lodge. Baldcypress not protected by tree shelters were repeatedly grazed by
beaver, yet continued to resprout. Long-term detailed growth records on these
resprouts are not readily available, yet they persist. In addition, when the stream
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delta flooded due to flooding of the Savannah River, beaver cut the saplings above the
tree shelters. These saplings also readily resprouted.
Natural seedling establishment of baldcypress is also occurring in disturbed
areas adjacent to undisturbed forests in both Fourmile Branch and Pen Branch. Rates
of natural baldcypress establishment decrease with distance from the undisturbed
forests.
North Carolina. In North Carolina, two plantings of baldcypress were done as
demonstration sites. At White Oak River, survival was 96% the first year and 89% at
the end of the second year (Conner, 2003). Height growth increased from 8 inches the
first year to 12 inches the second year, resulting in seedlings with an average height of
47 inches by the end of the two years. This area had an overstory of mainly swamp
blackgum, red maple, and ash. Even though there were many gaps in the canopy, the
seedlings did not receive full sunlight. The second planting consisted of two 0.6 acre
plots in a former agricultural field. Four hundred bareroot seedlings (half root-pruned
and half with roots) were planted in each plot on January 31, 2002. The sites grew up
quickly in dog fennel, which completely covered the planting sites, and towered above
the tree shelters. Even under these conditions, 91% of the seedlings survived to the
end of the second year. Height growth was 13 inches during the first year and 22
inches during second year. There was no difference in survival or height growth
between the root-pruned and non-pruned seedlings.

Louisiana Planting Efforts
After the 1890-1925 logging of Louisiana's swamps, there were many areas in
which baldcypress seedlings did not establish (Mattoon, 1915). Personnel of the
Rathborne Lumber Company, Harvey, Louisiana, recognized that most of their cutover
lands had little or no baldcypress regeneration, and without water level controls,
natural reproduction could not be relied upon to restock the land (Bull, 1949).
Therefore, nearly one million baldcypress seedlings were planted on company land.
Ninety percent of the seedlings planted in 1949 and 1950 survived into 1951 and grew
12-18 inches in height by the end of the 1950 growing season. An additional 141,262
seedlings were planted in early 1951 and survival was 80 to 95 percent (Rathborne,
1951). Brown and Montz (1986) reported that many of the planted seedlings were
killed later by animal browsing, and the project was abandoned.
The Rathborne planting inspired one landowner and the Soil Conservation
Service to plant a flooded area in north Louisiana with baldcypress seedlings (Peters
and Holcombe, 1951). Eighty-five hundred seedlings were planted during January to
March 1951 in water 6-20 inches deep. When the seedlings were rechecked in April
1951, nearly 95% of them were growing vigorously and had increased in height an
average of three inches.
Faulkner (1985) planted baldcypress seedlings in an old soybean field and in a
commercial crawfish farm. In both areas, animal damage was high. On the soybean
site, deer damaged 47% of the seedlings, but survival was still 98% at the end of two
growing seasons. In the crawfish farm, crawfish girdled 78% of the seedlings (52%
were completely girdled), but 95% of the seedlings or their sprouts were still alive after
two growing seasons. In both cases height and diameter growth were negatively
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associated with animal damage. Smaller seedlings had higher damage rates than did
larger seedlings, indicating that the planting of larger seedlings might reduce the
incidence of animal damage in this case.
Plantings by Conner (1988) in south Louisiana grew well if nutria were not a
factor. Baldcypress seedlings averaged over 12 inches of height growth per year on
Melodia Plantation near Thibodaux. Average seedling height after two growing
seasons was 40 inches. Seedlings planted in a crayfish pond near Henderson,
Louisiana during 1983-84 (Conner et al., 1993a) had variable results. Seedlings
planted in February 1983 averaged 12 inches more growth after one growing season
than seedlings planted in July 1983 and continued to outgrow the July 1983 seedlings
for five years. Growth of seedlings planted in July of 1983 and 1984 and February of
1984 was similar throughout the study. Five year height of February 1983 planted
seedlings was 122 inches versus 81 inches for summer planted and February 1984
seedlings.
In 1991-96, approximately 10,000 baldcypress seedlings were planted on the
Manchac landbridge, which lies between Lakes Pontchartrain and Maurepas in
southeast Louisiana. These seedlings had 78% overall survival in 1998, when
protected from nutria herbivory, but nearly 100% mortality if not protected from
herbivores (Myers et al., 1995). However, survival of protected trees fell to nearly zero
during the 1999-2000 drought when saltwater intrusion events brought up to 9 ppt to
the area (Shaffer et al., 2003). In 1999, two baldcypress mitigation banks were
established in the swamps of Lake Maurepas, one on the eastern side of the Lake
(owned by Southeastern Louisiana University) and the other on the southwestern
portion (owned by Glen Martin). Due to saltwater intrusion and nutria herbivory,
survival has been poor at the eastern site, but up to 80% have survived at the
southwestern site. Seedlings received plastic tree shelters and time-released fertilizer
at both sites.

Current Methods Used in Planting
Innovative planting methods are often required for forested wetland sites
because of standing water and unconsolidated sediments. One method of planting that
has been tested extensively in the southern U.S. by Clemson University and
University of Georgia researchers is to heavily root prune seedlings so that they may
be planted by grasping the seedling at the root collar and simply inserting them into
the soil or sediment, without digging a hole (Brantly and Conner, 1997; Conner, 1988,
1993; Conner and Flynn, 1989; Reed and McLeod, 1994; Hesse et al., 1996). Habitats
planted have ranged from standing water (backwater) to flowing water (stream);
coastal to inland; and Louisiana and South Carolina. Bareroot seedlings of baldcypress
and water tupelo have been successfully planted using this technique.
Pruned baldcypress seedlings have been planted in a number of sites
throughout the southern United States with survival rates ranging from 0% to 100%
depending upon herbivory. Use of plastic tree shelters is essential to reduce animal
damage in many wetland areas. While 12-inch-tall shelters are generally sufficient to
prevent clipping by rabbits or nutria, taller shelters are necessary to prevent excessive
browsing by deer. Tree shelters have increased survival rates for baldcypress, water
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tupelo, and green ash in areas subject to herbivory (Conner, 1988, 1993; Reed and
McLeod, 1994; Myers et al., 1995; Schweitzer et al., 1999).
Factors Affecting Regeneration and Growth of Baldcypress and Water Tupelo

Altered Hydrology
Hydrological patterns in the swamps of Louisiana have been altered
tremendously during the last two centuries. During the original logging of Louisiana’s
swamps many logging companies maintained their own dredges to prevent delays in
digging access canals (Davis, 1975). Average canal size was 10-40 feet wide and 8-10
feet deep, resulting in partial drainage of many swamps (Mancil, 1969, 1980). With the
use of pullboat barges, trees could be pulled in from as far as 5,000 feet from the canal
through runs spaced about 150 feet apart in a fan-shaped pattern. Runs were cleared
of all trees and stumps and logs pulled to the canal. This skidding of timber across the
swamp floor damaged and destroyed much young growth, and continual use of a run
resulted in a mud-and-water-filled ditch 6-8 feet deep for the length of the run (Mancil,
1980). This operation left a distinctive wagon wheel-shaped pattern in the swamp
forest that can still be seen on aerial photographs taken today. In other areas, railway
lines were constructed. Railroad mileage in Louisiana between 1880 and 1910
increased from 650 miles to 5,553 miles. By 1920 however, the mileage began to
decrease because of the abandonment of logging operations in cutover areas (Mancil,
1969).
More so than logging operations, oil and gas, flood control, navigation, road
construction, and agricultural activities have done much to alter the original overland
water flow patterns of the swamp. Large areas of swamp forest are now constantly
flooded due to spoil banks associated with various activities that have occurred in the
swamp (Conner et al., 1981).

Apparent Water Level Rise
Another important factor that needs to be considered in Louisiana's coastal
wetlands is increasing water levels resulting from eustatic sea-level rise (Gornitz et
al., 1982) and subsidence (Gosselink, 1984). Recent projections by the U.S.
Environmental Protection Agency (Hoffman et al., 1983) suggest that there will be a
rise in sea level of 20-80 inches by the year 2100. The impacts of sea-level rise on
coastal marshes has been detailed by a number of authors (Baumann et al., 1984;
Boesch, 1982; Hackney and Cleary, 1987; Salinas et al., 1986; Stevenson et al., 1986;
Orson et al., 1985; Kana et al., 1986; Thomson et al., 2002), but very little attention
has been placed on the impact that rising water levels might have on the more inland
coastal forests. Clark (1986) studied tide gauge records of sea-level rise in New York
and discussed the importance for long-term change in forest population with rising sea
level. Sea-level rise in the New York coastal forest has averaged 0.12 inches per year
since 1930 (Clark, 1986). In Louisiana, however, water levels are rising rapidly
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(DeLaune et al., 1985), and it has been suggested that this will affect seedling survival
(Conner et al., 1986b; Salinas et al., 1986).
Wetlands of Louisiana have historically been flooded by sediment-laden waters
of the Mississippi and Atchafalaya rivers. Flood control levees along these rivers now
reduce or prevent the flooding and sediment recharge of many wetland areas within
the state. New sediments being deposited in many coastal wetlands now come only
from erosion of local agricultural fields (Soil Conservation Service, 1978) or
resuspended bottom sediments (Baumann et al., 1984) rather than the entire
Mississippi River drainage. Without the annual flood of new sediments, subsidence
exceeds sedimentation in many areas, and most of coastal Louisiana is presently
experiencing an apparent water level rise of about 3.3 feet per century (Salinas et al.,
1986).
The Barataria, Lake Verret, and Lake Pontchartrain basins, located in south
central and southeastern Louisiana, contain extensive freshwater wetland forests.
There are approximately 242,000 acres (98,000 ha) of seasonally (mostly permanently)
flooded forests and wooded swamps in the Barataria Basin, 101,000 acres in the
Verret Basin, and 213,000 acres in the Pontchartrain Basin. All of these watersheds
were once overflow basins of the Mississippi or Atchafalaya rivers. With the
construction of the flood protection levees along these rivers in the 1920-1940s, the
only source of freshwater presently is rainfall or backwater flooding (Conner and Day,
1976; Conner et al., 1986a). When these areas received riverine input, sediment
deposition served to offset apparent water level rise due to land subsidence. With the
cessation of sediment input, regional subsidence is leading to increased flooding of
these areas.
Water levels in the Barataria, Lake Verret, and Pontchartrain basins
historically followed a seasonal pattern of flooding and drying with the extent of
flooding depending on the elevation of the site and seasonal water budget. In the
Barataria and Pontchartrain basins, the swamp is very near sea level and is flooded
almost year round with a short dry period generally during late July-early August, a
time when rainfall is low and evapotranspiration is high (Conner et al., 1986a). In the
Lake Verret basin, bottomland hardwood forests are approximately 8-12 inches higher
than the surrounding swamp forest areas. Flooding occurs during the winter and early
spring, but for most of the growing season, the forest floor on the bottomland ridges is
dry. Lower cypress-tupelo forests are flooded for most or all of the year. Conner and
Day (1988, 1991) found that vertical accretion averaged 0.5 inch per year and 0.4 inch
per year in cypress-tupelo forests of Barataria Basin and Verret Basin, respectively.
They also used long-term tide gauge data to calculate relative sea-level rise, which was
0.3 and 0.5 inches per year for Barataria Basin and Verret Basin, respectively, and
concluded that the Barataria and Verret basin swamps had accretion deficits of 0.1
and 0.2 inches per year, respectively. Relative sea-level rise is lower in the
Pontchartrain Basin, estimated at 0.22 inches per year (Thomson et al., 2002).
Barataria and Verret basins have experienced significant increases in water
levels (Figure 4) and the total number of days flooded per year (Figure 5). The Verret
Basin bottomland ridge did not experience any major flooding until the 1970s but
since then has experienced a steady increase in the number of days flooded per year.
Before 1970, the bottomland ridge was at an elevation to keep the forest floor from
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flooding. However, the lack of sedimentation in the area combined with apparent
water level rise has resulted in the ridge now being at an elevation where flooding
occurs frequently.
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Figure 4. Average yearly water level for U.S. Army Corps of Engineer gauges at Chegby (Barataria
Basin) and Attakapas (Verret Basin) in Louisiana.
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Figure 5. The number of days flooded per year in the Barataria and Verret swamp forests (Conner and
Day, 1988).

In Barataria Basin, the swamps have always been flooded to some extent, but
flooding has increased to where the forests are flooded almost year round. Even during
dry periods such as 1981 and 1985-86, these forests were rarely free of standing water
although the total days flooded decreased during these years. The history of flooding in
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the Verret Basin swamp is similar to the bottomland ridge site except that increased
flooding is evident by the late 1960s. The high flood years 1973-75 on the Atchafalaya
and Mississippi rivers are evident more in the Verret Basin because the area is
affected by backwater flooding from the Atchafalaya River more than the Barataria
Basin is by Mississippi floodwaters. Since the 1950s, flood water levels in the swamps
of the Pontchartrain Basin have doubled (Thomson et al., 2002).
As water levels continue to rise, the coastal forests will be subjected to more
prolonged and deeper flood events. Even though many of the forest species growing in
these areas are adapted to prolonged inundation (Kozlowski, 1984), extended flooding
during the growing season can cause mortality of these tree species (Hall et al., 1946).
Already many of the trees in these areas are showing evidence of severe stress (Conner
and Day, 1987; Conner et al., 1981; Conner et al., 1986b; Shaffer et al., 2003). Even
baldcypress and water tupelo, two of the dominant species in Louisiana's coastal
forests (Conner and Sasser, 1985), slowly die when exposed to prolonged, deep flooding
(Brown, 1981; Harms et al., 1980; Penfound, 1949; Eggler and Moore, 1961; Shaffer et
al., 2003).
Another important factor to be considered in these coastal forests is the
recruitment of new individuals into the forest. Buttonbush, black willow, cottonwood,
and elm can germinate in standing water, while baldcypress and water tupelo must
have dry periods for the seed to germinate and establish (DeBell and Naylor, 1972;
Hook, 1984; Kozlowski, 1997). In many cases, this is not happening (Conner et al.,
1986a) and if water levels continue to rise, coastal forested areas will eventually be
replaced by scrub-shrub stands, marsh, or open water.
As water levels rise, one would expect that there would be a migration of the
forest up the elevation gradient (Clark, 1986). In many areas, however, coastal forests
are confined by man-made obstacles like flood-protection levees or occur on low ridges
where the elevation gradient is truncated. Range extensions or shifts in forest areas as
Clark (1986) suggested are not generally possible. Therefore, many of the coastal
forests in Louisiana may be facing possible elimination or great reductions in area.
The majority of swamps in the Lake Maurepas portion of the Pontchartrain Basin
have been classified as “relic swamp” (Figure 6). If logged, these swamps are unlikely
to regenerate, either naturally or artificially.

Salinity
Sea level rise will result in a gradual increase in flooding and/or salinity in
coastal forested wetlands. Previous studies have shown that baldcypress is one of the
most tolerant species of long flood durations and relatively deep flooding (Hook, 1984;
Souther and Shaffer, 2000). Recent studies have shown that the species is also
tolerant to flooding with water of low salinity (Allen et al., 1994, 1997; Conner, 1994;
McLeod et al., 1996; Conner et al., 1997). There also seems to be some intraspecific
variation in salinity tolerance at the seedling stage (Allen et al., 1994; Souther-Effler,
2004) and at the germination stage (Krauss et al. 1998, Souther, 2000). Rapid or large
pulses of saltwater during storms are more likely to cause rapid and dramatic impacts,
even for tolerant species like baldcypress.
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Figure 6. Preliminary classification of wetlands types in the Lake Maurepas swamp. Red areas indicate
marsh, most of which was swamp in the mid 1950s. Yellow areas are classified as relic swamp in that
the probability of regeneration following logging is low. Light green areas indicate swamp that will
likely regenerate if properly harvested. Dark green areas indicate bottomland hardwood forest or pine.
(Jason Zoller and Gary Shaffer, unpublished)

A recently completed study in the Lake Maurepas swamps (Souther-Effler,
2004) has produced several findings that may help predict future interactions of biotic
and abiotic factors affecting forests throughout the coastal zone. Firstly, from a
controlled study utilizing 2-4 year old water tupelo saplings exposed to flooding, lowlevel (3 ppt) salinity and insect herbivory, it was ascertained that defoliation reduced
sapling productivity except when salt stress was an over-riding factor. Salinity alone,
in excess of three ppt over a prolonged period was most detrimental, and when coupled
with permanent flooding resulted in high rates of sapling mortality. Secondly, the
presence of nutrient enhancement, as one would find in a river diversion scenario,
ameliorated the effects of baldcypress leafroller defoliation on baldcypress sapling
growth. Water tupelo growth, even with forest tent caterpillar defoliation, also was
higher at nutrient-rich sites as long as the trees were not severely degraded by abiotic
factors (salinity). Thus, it appears that insects will continue to act in concert with
other stress factors to enhance the degradation of many forested wetlands unless
depth and duration of flooding is reduced, and river diversions are implemented to
provide an influx of nutrient-rich sediments.
The combination of salinity and flooding stress has greater effects than either
alone and the negative impacts increase with increasing salinity (Conner, 1994; Allen
et al., 1996). There is substantial intraspecific variability in salt tolerance within
baldcypress species suggesting that more salt-tolerant strains can be developed (Allen,
1994; Allen et al., 1994; Krauss et al., 1998; Pezeshki et al., 1995; Krauss et al., 2000).
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Nutria
Animal herbivory is a problem that has long existed in the swamps. The nutria
is a native of South America that was introduced in California as early as 1899
(Willner, 1982), and is commonly found in low marshy places. Substantial populations
today occur from Texas to Alabama, North Carolina to Maryland, and Oregon to
Washington. Feral populations occur in 15-18 states (Adams, 1956; Willner, 1982), and
sightings have been confirmed for all 48 lower states (Furcy Zeringue, USACOE,
personal communication).
In Louisiana, nutria were first imported and released near Covington in 1933,
but a population of animals failed to develop (Kays, 1956). Thirteen nutria were
released in Iberia Parish in 1937 and several animals were released into the St.
Bernard and Orleans Parish marshes several times prior to this without establishing a
breeding population (O'Neil, 1949). Twelve nutria were imported to Avery Island in
1937 for experiments in pen raising for fur (Kays, 1956; Lowery, 1974b). In 1939
approximately 12 pair of the Avery Island animals escaped into the surrounding
marshes. A hurricane in 1940 released another 150 animals. After this occurrence,
landowners began releasing breeding stock into their marshes for fur and weed
control. Two hundred and fifty nutria were released to the Mississippi River delta in
1951 and the population increased so rapidly that the marsh in the delta area was
completely torn apart by 1957. By 1955-59, the nutria population in Louisiana was
over 20 million animals (Lowery, 1974b). Nutria were firmly established in the
freshwater area between the Atchafalaya River and the Texas state line by 1950
(Atwood, 1950) and north to the Red River by 1960 (Blair and Langlinais, 1960).
Nutria often clip or uproot newly planted baldcypress seedlings before the root
systems are fully established, thus destroying the whole seedling. Nearly 1 million
baldcypress seedlings were planted in 1949-51 in the swamp near Lac des Allemands
by the Rathborne Lumber Company (Bull, 1949). Ninety percent of the seedlings
planted in 1949 and 1950 survived into 1951. An additional 141,262 seedlings were
planted in early 1951 and survival was 80-95% (Rathborne, 1951). Plans called for an
additional 600,000 seedlings to be planted in 1951, but there is no record of what
happened to those seedlings, although Brown and Montz (1986) reported that many of
the seedlings were killed by animal browsing (nutria and rabbit) and the project was
abandoned. During 1956-57, the Soil Conservation Service planted baldcypress
seedlings in a cut-over swamp in south central Louisiana. After four months, 90% of
the seedlings had been destroyed, and nutria were suspected as the cause. The Soil
Conservation Service subsequently recommended that the planting of baldcypress be
suspended until some means of nutria control were perfected (Blair and Langlinais,
1960).
Several alternatives have been proposed to prevent nutria from eating newly
planted baldcypress seedlings. Reducing nutria populations is one alternative to the
problem, but this method is expensive and would require expanding the current nutria
harvest incentive program from coastal marshes to coastal forests. A harvest incentive
program is currently in place in Louisiana and over 300,000 nutria were reported
killed in 2003. In small scale studies in Louisiana, chickenwire fencing kept nutria out
of planted areas, but in other parts of the country it has been shown to be costly and
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aesthetically displeasing (Jones and Longhurst, 1958; Mealy, 1969). It is often easier
to protect seedlings by using a repellent rather than control the animal itself (Besser
and Welch, 1959; Blair and Langlinais, 1960). However, chemical repellents are
usually limited by their short-term persistence (Anthony 1982), and research into
nutria repellents is non-existent.
Use of "Vexar" plastic seedling protectors provided excellent results for
protecting conifer species from predation by animals in the northwestern United
States. These relatively inexpensive, lightweight, photodegradable polypropylene
plastic tubes have been tested and used to prevent damage by deer, rabbits, elk, and
pocket gophers (Anthony et al., 1978; Campbell and Evans, 1975; Anthony, 1982;
DeYoe and Schaap, 1982).
During the 1980s, baldcypress seedlings were underplanted in five flooded
stands typical of cypress-tupelo stands in southeastern Louisiana (Conner and Toliver,
1987). One-year-old bare-rooted baldcypress seedlings were planted in each stand.
One-half of the seedlings were enclosed in "Vexar" photodegradable seedling protectors
(available from Forest Protection Products Co., Inc., Coos Bay, OR). After three
months, 86% of the seedlings had been clipped, uprooted, and destroyed (Table 9).
Nutria seemed to have very little trouble getting into the Vexar tubes. They chewed a
hole through the plastic netting at water level, clipped the seedling, and then pulled
the tap root through the hole. In nearly every case, the stem of the seedling was left in
the tube or adjacent to the tube. Rarely was anything except the bark of the tap root
and root collar eaten.
In another Louisiana study (Conner and Toliver, 1988) baldcypress seedlings
were planted in unlogged and logged areas of the Barataria Basin and underneath an
existing canopy in the Verret basin. Of the unprotected seedlings planted in the Verret
Basin, all were destroyed by the end of two months. Nutria were not known to be
abundant in this area, but they obviously were a problem. Inside of chickenwire
fences, there was little problem with nutria predation, survival ranged from 88-94%
the first year but dropped to 64-70% the second year. On drier sites there was evidence
of deer browsing. Deer have been identified as a problem with baldcypress seedlings
planted in other areas (Faulkner, 1985).
Table 9. Characteristics of Louisiana cypress-tupelo stands and survival of planted baldcypress
seedlings after three months (Conner, 1988).

Sites
1
2
3
4
5

Overstory
# Trees/ac
BA (ft2/ac)

161
88.9
179
115.9
179
192.5
110.6
219
156
100.6
1 Guarded by "Vexar" plastic mesh seedling protector

# Seedlings
Planted
600
400
300
150
150

% Survival
Guarded1
Unguarded
8
16
96
0
0
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Canopy Insect Herbivory
Forested wetlands in the coastal zone of Louisiana are affected by insect
herbivory during spring months, depending on location and year. Though there are no
known consistent populations of tree-killing beetles, borers, or diseases, both
baldcypress and water tupelo are defoliated frequently by caterpillars. For decades,
baldcypress was renowned for its lack of serious insect and disease problems (Brown
and Montz, 1986). However, since the first recorded outbreak of the baldcypress
leafroller (BCLR) in 1983, baldcypress has experienced significant, often repeated,
springtime defoliation (Goyer and Lenhard, 1988; Goyer and Chambers, 1997).
Although all sizes and maturity levels of trees are affected, pole-size trees, trees
growing along edges of open water, and understory saplings appear most heavily and
frequently defoliated by the immature stages of this insect.
Water tupelo, the other dominant wetland swamp species, has been defoliated
regularly by the forest tent caterpillar (FTC) for decades, with regular outbreaks
recorded since 1948 (Nachod and Kucera, 1971). In Louisiana, widespread, complete
canopy defoliation by this insect has occurred over as much as 500,000 acres during a
single season (Nachod, 1977).
Often, defoliation of water tupelo and baldcypress co-exists, and swamplands
take on an appearance of winter-like dormancy prior to refoliation in late spring. A
record of annual defoliation by FTC and BCLR detected by aerial surveys is depicted
in Figure 7. It should be noted that even though water tupelo defoliation in the
Calcasieu, Mermentau, and Pearl River basins occurs occasionally, it is not included in
these data.
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Figure 7. Defoliation by forest tent caterpillar (FTC) and baldcypress leafroller (BCLR) in Louisiana.

Baldcypress. Early descriptions of the vast, primarily pure stands of virgin
baldcypress claim the species was mostly immune to serious insect and disease
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problems, and include no pest descriptions until the 1950s, after much of the virgin
stands had been cut (Mancil, 1972; Brown and Montz, 1986; Conner and Day, 1976).
The cypress looper defoliated significant areas in Florida in the early 1980s, but has
made little impact in Louisiana (Drooz et al., 1981). The bagworm defoliated an area of
baldcypress covering approximately 6,000 acres in the southern Atchafalaya Basin in
1994-1995 (Goyer, 2002), but it is not clear if this species will become a recurring pest.
The most serious, consistent, economic insect pest reported to date is the BCLR. The
BCLR was first reported in 1983 in the southern Atchafalaya Basin and watersheds to
the east and south (Goyer, 2002). The larval stage of the leafroller feeds solely on
baldcypress foliage, and since first discovery, populations have spread eastward from
the epicenter near Bayou Pigeon, Louisiana, with the highest numbers primarily in
the Atchafalaya River Basin south of Interstate 10, the nearby Lake Verret-Grassy
Lake-Lake Palourde drainage system, and the Lake Maurepas-Pass Manchac-Lake
Pontchartrain system (Goyer, 2002).
Impact caused by BCLR defoliation is of two main types – diameter growth
reduction and dieback of canopy (followed in isolated cases by mortality). Since
swamps often are stressed by both abiotic and biotic factors, determining the precise
impact due to insect defoliation is difficult. A direct, linear relationship between the
degree of defoliation of baldcypress and mean annual growth has been reported
(Figure 8). Growth reduction caused by defoliation is often exacerbated by duration
and depth of flooding and or saltwater intrusion (Goyer and Chambers, 1997; Allen et
al., 1998; Souther-Effler, 2004). The recognition of potential impacts is compounded by
the somewhat small size and the cryptic leafrolling habit of BCLR. Until defoliation
and desiccation of partially consumed needles becomes apparent (as red needles) in
areas of epidemic populations, land managers often fail to notice early-season
herbivory (see Braun et al., 1990; Goyer and Lenhard, 1988; Allen et al., 1998).
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Figure 8. Regression of basal area growth versus percent baldcypress leafroller defoliation (n=80 trees
over 10 years).
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Baldcypress leafrollers often congregate on smaller trees, saplings and edge
trees with pyramid-shaped, or conical, crowns. Thus, damage is often concentrated on
understory saplings, resulting in their dieback and occasional death (Table 10) (see
also Allen et al., 1998). The future impact and extent of BCLR defoliation is uncertain.
There appears to be an expansion of the long-lasting infestation into the upper reaches
of the Pontchartrain Basin. However, little westward movement (beyond the
Atchafalaya Basin) has been noted. In some areas of the Lake Verret Basin,
defoliation by BCLR is less severe than it was 10 years ago, due in part to a build up of
naturally occurring parasites and predators.
Table 10. Annual dieback (%) of understory baldcypress saplings (< 4 inches dbh) in open patches,
Southern Louisiana.*
Year
1992
1993
1994
1995
Mean % (n=50)
31.0
39.9
46.0
55.4**
No. Dead
0
0
2
4
* Each year all saplings were 80-100% defoliated by BCLR
** Dead trees removed from calculations

1997
65.5**
13

Change in %
34.3**
28.3

Water Tupelo. Defoliation by the FTC appears to reduce radial growth of tupelo.
Abrahamson and Harper (1973) report growth reductions of 40-60% (average 45%)
when water tupelo trees had in excess of 60% of their leaf surface area removed by
FTC herbivory. This is supported by findings in the coastal zone of Louisiana. Smith
and Goyer (1986) found that FTC population levels, and hence defoliation, were tied
closely to permanently flooded areas, due in part to the absence of naturally occurring
parasites, predators, and diseases. Souther-Effler (2004) reported that nutrient inputs,
as might occur from river diversions or agricultural run-off, led to shorter development
times and larger FTC pupae indicating the potential for higher herbivory potential.
However, insect herbivory impacts may be offset by increased tree growth in response
to the same nutrient inputs, potentially balancing water tupelo productivity.
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SURVEY OF BALDCYPRESS AND TUPELO REGENERATION
AND ESTABLISHMENT ON HARVESTED SITES
Regeneration of wetland forests is of particular concern because of the exacting
environmental requirements for successful establishment of seedlings to perpetuate
the forest. Investigations of regeneration processes of baldcypress and tupelo have
yielded insights into many of the mechanisms controlling regeneration success (see
report chapter “Silvicultural Characteristics of Major Tree Species Growing in
Louisiana’s Swamp Forests”). However, because formal forest management in
cypress–tupelo forests is less common than in many other forest types, there have
been few published reports of natural regeneration after operational harvest activities.
Previous investigations of regeneration after harvesting cypress–tupelo forests
have concluded that natural establishment of seedlings is closely tied to hydrological
and light conditions (Meadows and Stanturf, 1997), and herbivory (especially nutria)
(Blair and Langlinais, 1960; Conner and Toliver, 1987, 1988). Natural regeneration
therefore may be absent for decades in places where deep flooding is permanent or
nutria populations are large. Regeneration of wetland forest after harvesting on sites
with excessive flooding or high nutria populations is not likely (Conner and Toliver,
1990), unless regeneration from stump sprouting (coppice) is strong.
Studies of coppice regeneration after harvest of baldcypress and water tupelo
stands have resulted in mixed conclusions. Although stump sprouting is common in
the first year after harvest, survival of sprouts decreases with time (Conner et al.,
1986). Also, age, season of harvest, stump height, felling method, and harvesting level
can influence the viability of stumps and vigor of sprouts (Mattoon, 1915; Hook and
DeBell, 1970; Williston et al., 1980; Kennedy, 1982; Ewel, 1996; Gardiner et al., 2000).
However, we know of no studies that have followed coppice regeneration of
baldcypress for more than five to eight years. Therefore, one objective of the SWG was
to gather empirical data on regeneration in coastal forests harvested ten to fifty years
ago to evaluate whether such sites have regenerated, become established (long-term
survival of desired tree species), and remained cypress–tupelo stands.
Methods
Eighteen coastal forest sites dominated by baldcypress and tupelo and with
documented harvest activity between ten and fifty years ago were selected for study
(Figure 9). At all but one site, baldcypress was the predominant species harvested and
it was usually the only species harvested. We attempted to survey sites throughout the
coastal forest area, but the distribution of study sites did not include all possible site
conditions within the SWG identified coastal forest area.
The sampling system was targeted to provide information relevant to long-term
establishment of regeneration by stump sprouting and natural regeneration, but was
not designed to assess the general condition of the forest after harvesting. Data
collection at each site used a series of transects 40 feet wide by 100 feet long to survey
areas of previous harvest activity, as identified by the presence of stumps. Landowners
or land managers furnished information as to age and flood water regimes. At least
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five transects were used at each site, but measurements were continued on additional
transects as required to capture data from a minimum of 30 baldcypress stumps when
possible (there were three sites where 30 total stumps could not be located within the
sample area; study-wide minimum was 22 stumps, except on the St. Tammany water
tupelo study site).

Figure 9. Site locations for coastal baldcypress–tupelo regeneration survey. The bold line indicates
the SWG coastal wetland forest area.

Transect measurements included data from all stumps, seedlings, and standing
trees. Data collected for each stump included stump height and diameter, depth of
water adjacent to the stump, number of live sprouts, diameter and height of the
largest sprout, and distance from the stump to the nearest–neighbor canopy tree. Data
collected for each standing tree included diameter and species, and each was
categorized as a tree, sapling, or seedling. Trees were ≥ 4 inches diameter at 4.5 feet
height (dbh), saplings were > 4.5 feet tall but < 4 inches dbh, and seedlings were < 4.5
feet tall. Cores were collected from several baldcypress with an increment borer to
determine ages and historical growth of trees, saplings, and stump sprouts. All trees
were assumed to be three years old at dbh and all stumps were cored near the base
within the assumed first year’s growth.
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Basal area (BA), the cross-sectional area of the tree stem, was calculated for all
trees. The relative basal area of each species on an area was calculated as a measure
of species dominance, using:
Relative basal area (percent) = (BA of a species/BA of all species) X 100.
Results
Across the sites, relative basal area of standing baldcypress ranged from 6.7 to
97.5 percent, and from zero to 93.2 percent for tupelo (Table 11). Baldcypress and
tupelo together represented 66 to 100 percent of the stand BA and exceeded 75 percent
on fifteen of the eighteen sites. Other important species in the overstory included the
ashes, including green, pumpkin, and Carolina ash, red maple and swamp red maple,
several oaks and other bottomland hardwood species.
Table 11. Estimated pre-harvest site characteristics for trees and current aquatic vegetation for
surveyed sites.

Location, Parish
(harvest type-age)1
Assumption 1 (I-20)
Assumption 2 (P-20)
Assumption 3 (P-19)

Tree
basal
area
(ft2/acre)
236.5
300.3
218.6

Trees
/acre
134
207
186

Cypress
RBA2 (%)

Tupelo
RBA (%)

90.6
93.9
68.4

9.0
4.3
31.0

Cypress
and
Tupelo
RBA (%)
99.6
98.1
99.5

Aquatic
vegetation3

Scattered
Heavy
Light to
moderate
Assumption 4 (P-18)
323.9
232
87.7
9.9
97.6
Heavy
Iberville (P-24)
408.2
432
97.5
2.5
100.0
n/a
Livingston 1 (C-11)
208.5
234
75.3
24.4
99.8
Heavy
Livingston 2 (P-11)
209.3
295
62.1
36.8
98.9
Heavy
Livingston 3 (P-10)
115.5
224
56.7
9.4
66.2
Scattered
Pointe Coupee (P-10)
230.2
215
67.4
4.1
71.5
n/a
St. Charles (P-24)
191.4
185
59.4
37.4
96.8
Light to
moderate
St. John (P-17)
274.7
345
78.7
1.5
80.1
n/a
St. Landry (P-9)
127.1
208
66.2
0.0
66.2
n/a
St Martin 1 (P-8)
252.1
170
78.4
0.0
78.4
n/a
St. Martin 2 (P-11)
352.0
281
87.3
0.0
87.3
n/a
St. Martin 3 (P-8)
287.5
215
82.9
1.0
83.9
n/a
St. Tammany1 (C-18)
425.0
353
6.7
93.2
99.8
n/a
St. Tammany2 (P-22)
221.6
273
15.5
84.5
100.0
n/a
Terrebonne (P-41)
254.7
310
55.9
23.9
79.8
n/a
1 Harvest treatment and years since harvest where: I =Improvement cut; P = Partial cut (generally
based on smallest diameter to be cut); C = Clearcut (removal of all commercial baldcypress and tupelo)
2 Relative Basal Area (RBA) = Cross sectional stem of specified species per acre divided by crosssectional stem area of trees of all species x 100.
3 Submerged, emergent, and floating aquatic vegetation

Density of saplings ranged from zero to 2,921 saplings per acre, with a median
density of 391 saplings per acre (Table 12). Median density was 11 saplings per acre
for baldcypress and about two saplings per acre for tupelo. Although the canopy at all
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sites was dominated by baldcypress and tupelo, other species represented 41 to 89
percent of the saplings on sites with heavy understory (six sites had little understory).
The dominant understory tree species likely to become canopy dominants were red
maple and swamp red maple or the ashes. Species in the understory that will not
become canopy trees because of their growth form, but represented competition for
saplings of potential canopy species, included waxmyrtle, swamp privet, swamp and
roughleaf dogwood, buttonbush, and Virginia-willow.
Table 12. Sapling density and relative density for selected species on surveyed sites.
Relative
density of
baldcypress
(%)2
Assumption 1 (I-20)
0
11
11
0.0
100.0
Assumption 2 (P-20)
0
11
11
0.0
100.0
Assumption 3 (P-19)
22
10
103
21.9
9.4
Assumption 4 (P-18)
25
18
112
22.0
16.0
Iberville (P-24)
0
7
11
0.0
60.0
Livingston 1 (C-11)
52
38
391
13.2
9.8
Livingston 2 (P-11)
61
0
351
17.3
0.0
Livingston 3 (P-10)
0
14
1281
0.0
1.1
Pointe Coupee (P-10)
2
2
482
0.5
0.5
St. Charles (P-24)
7
56
1231
0.5
4.6
St. John (P-17)
15
6
950
1.6
0.6
St. Landry (P-9)
0
0
0
n/a
n/a
St Martin 1 (P-8)
0
130
1254
0.0
10.4
St. Martin 2 (P-11)
0
49
2921
0.0
1.7
St. Martin 3 (P-8)
1
63
498
0.2
12.7
St. Tammany 1 (C-18)
2
0
54
4.2
0.0
St. Tammany 2 (P-22)
28
0
39
71.4
0.0
Terrebonne (P-41)
3
16
483
0.7
3.3
1 Harvest treatment and years since harvest where: I =Improvement cut; P = Partial cut (generally
based on smallest diameter to be cut); C = Clearcut (removal of all commercial baldcypress and tupelo)
2 Cross sectional stem of specified species per acre divided by cross-sectional stem area of trees of all
species x 100.
Location, Parish
(harvest type-age)1

Tupelo
saplings/acre

Baldcypress
saplings/acre

All species
saplings/acre

Relative
density1
of tupelo (%)

Surveyed sites covered a range of site conditions from moist unflooded sites to
permanently flooded areas. Baldcypress seedlings were rare in the surveyed areas;
they only occurred on four of the 18 sites with density of 16, 44, 108, and 386 seedlings
per acre (Table 13). There was no obvious common factor responsible for seedling
presence or absence at these sites. Root systems of seedlings at the two sites with the
greatest numbers of seedlings were suspended in a slurry of organic matter and
unconsolidated sediments, and were not rooted in the mineral soil substrate.
According to the landowner, these seedlings are ephemeral in nature on these sites.
Emergent aquatic vegetation and floating aquatic plants, both native and nonnative, were absent on seasonally flooded sites, low on some, but covered large areas of
others (Table 11).
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For the sites where baldcypress was the primary tree harvested, stumps with
live sprouts ranged from zero to 72 percent (median 10 percent; Table 14). However,
only two of the 16 sites had more than 20 percent of the baldcypress stumps with live
sprouts. On four sites, no stumps had live sprouts. The stumps, that sprouted,
averaged 2.5 live sprouts per stump at time of measurement. The age of stump sprouts
varied from 10 to 41 years based on harvest dates and ages obtained from cores.
The condition of the live sprouts was highly variable (Figure 10). However most
sprouts were present on stumps with poor callus tissue formation (wound-covering
tissue) and many had advanced decay. In many instances, decay was observed in the
base of the sprouts themselves. The hollow nature of some sprouts, the narrow band of
living tissue on the stump near the sprout, and the position of sprout-stump interface
(36 to 45 inches above the ground) suggested that these sprouts would not likely
survive to be mature trees. In some cases, almost the entire stump had callused over
and despite minor decay the sprouts appeared to have a good chance of surviving to
become mature trees (Figure 10 d). Correlation analysis did not reveal any significant,
meaningful relationship between stump sprout survival or size and water depth or
other site factors. Most of the stumps were at least 18 inches in diameter.

A

B

C

D

Figure 10. Typical stump sprout variety found on surveyed sites.

On only two (adjacent) sites were tupelo stump sprouts extant. At all other
sites, we found very few identifiable tupelo stumps with sprouts, including sites where
landowners indicated that tupelo had been cut. Apparently, decay of tupelo stumps
was rapid after death of any early sprouts. We therefore lack the basis for calculating
proportion of tupelo stumps with successful sprouts, but assume it is very low.
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Table 13. Seedling numbers on surveyed sites.
Location, Parish (harvest type-age)1

Tupelo
Baldcypress seedlings/acre
seedlings/acre
0
386
Assumption 1 (I-20)
0
108
Assumption 2 (P-20)
0
0
Assumption 3 (P-19)
0
0
Assumption 4 (P-18)
0
0
Iberville (P-24)
0
0
Livingston 1 (C-11)
0
0
Livingston 2 (P-11)
0
0
Livingston 3 (P-10)
0
0
Pointe Coupee (P-10)
0
16
St. Charles (P-24)
0
0
St. John (P-17)
0
44
St. Landry (P-9)
0
0
St Martin 1 (P-8)
0
0
St. Martin 2 (P-11)
0
0
St. Martin 3 (P-8)
18
22
St. Tammany 1 (C-18)
48
11
St. Tammany 2 (P-22)
0
0
Terrebonne (P-41)
1 Harvest treatment and years since harvest where: I =Improvement cut; P = Partial cut (generally
based on smallest diameter to be cut); C = Clearcut (removal of all commercial baldcypress and tupelo)
2 Cross sectional stem of specified species per acre divided by cross-sectional stem area of trees of all
species x 100.

The average diameter of the largest live sprout per stump across all sites was
four inches, while average height was 22.3 feet. Accounting for varying sprout ages,
site-average mean diameter growth ranged from 0.07 to 0.39 inches per year, and siteaverage mean height growth ranged from 0.5 to 2.7 feet per year. Stump sprout
growth was moderately correlated to survival (R2 = 0.56 for height and 0.49 for
diameter) (Figure 11a). Sprout growth was also negatively correlated with age (R2 =
0.37 for height and 0.27 for diameter) (Figure 11b).
Annual growth, calculated using tree rings, reveals that basal area growth of
sprouts greatly exceeded that of trees from the study sites at similar ages (Figure 12).
Mean basal area of sprouts, at age 10, was equal to mean basal area of trees currently
in the overstory at age 28. Mean basal area of sprouts, at age 10, was also larger than
mean basal area that current understory trees are likely to achieve before at least age
80 (Figure 13). However, it is important to remember that most of the largest trees
were removed from the sites in diameter-limit cuts. Estimates of tree growth from
current overstory trees are likely underestimates of seed-origin trees in open-grown
stands.
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Table 14. Baldcypress and tupelo stump sprout characteristics.
Number
of
stumps

Number
Number
Percent
Mean diameter
Mean
of
of sprouts
of
of largest sprout
height of
Location, Parish
stumps
per stump
stumps
(in)
largest
(harvest type-age) 1
with
with
sprout (ft)
sprouts
sprouts
Assumption 1 (I-20)
29
2
1
6.9
3.6
10.7
Assumption 2 (S-20)
30
5
2.8
16.7
4.6
32.8
Assumption 3 (S-19)
31
6
2.7
19.4
5
28.9
Assumption 4 (S-18)
35
6
2.7
17.1
6.5
31.2
Iberville (S-24)
64
3
3.7
4.7
1.6
12.1
Livingston 1 (C-11)
33
24
5.7
72.7
4.3
26.9
Livingston 2 (S-11)
22
14
4.1
63.6
4.3
29.5
Livingston 3 (S-10)
25
0
0
0
n/a
n/a
Pointe Coupee (S-10)
36
1
1
2.8
2.8
16.4
St. Charles (S-24)
32
2
4.5
6.2
3.7
26.2
St. John (S-17)
30
3
2
10
5.4
33.5
St. Landry (S-9)
30
3
2.7
10
1.4
10.8
St Martin 1 (S-8)
31
4
3
12.9
2.2
14.8
St. Martin 2 (S-11)
36
0
0
0
n/a
n/a
St. Martin 3 (S-8)
30
0
0
0
n/a
n/a
St. Tammany 1 (C-18)
106
87
2.1
82.1
5.3
39.7
St. Tammany 2 (S-22)
7
7
2.7
100
4.2
28.2
Terrebonne (S-41)
30
0
0
0
n/a
n/a
1 Harvest treatment and years since harvest where: I =Improvement cut; P = Partial cut (generally
based on smallest diameter to be cut); C = Clearcut (removal of all commercial baldcypress and tupelo)
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Figure 11. Relationship of baldcypress stump sprout growth (mean annual increment: MAI) to stump
sprout occurrence (a) and age (b).
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Figure 12. Growth of stump sprouts (brown line), overstory trees (black line) and understory trees (blue
line) determined from tree ring analyses.
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Figure 13. Annual growth of stump sprouts (brown line), overstory trees (black line) and understory
trees (blue line) determined from tree ring analyses.

Discussion
The lack of seedlings and poor coppice regeneration for baldcypress and tupelo
across the sites is evidence that successional processes will probably move species
composition on many of the surveyed stands away from domination by baldcypress
and tupelo. If the sites are not excessively flooded during the growing season they will
likely become dominated by shade tolerant species. For example, red maple and ash
appear poised to dominate the overstory of these somewhat drier survey sites, but with
poor quality trees. Preferential harvesting of baldcypress or tupelo (selective
harvesting) without specific provisions for baldcypress or tupelo regeneration will
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likely accelerate this species conversion. Properly designed forest management plans,
specific to the site conditions, can help avert species conversion by providing for
regeneration of desired species.
Harvesting of permanently flooded sites will eventually lead to major changes in
species composition, lower productivity, and conversion to marsh or open water
without aggressive artificial regeneration. On sites permanently flooded with deep
water, conversion to non-forest conditions is almost certain because baldcypress and
tupelo cannot regenerate under these conditions and artificial regeneration is either
impractical or impossible.
Based on information from the surveyed sites, stump sprouts cannot generally
be considered sufficient to establish a new stand of trees or effectively enhance
regeneration under the conditions on the surveyed stands. Interpretation of the survey
data as to the effectiveness of stump sprouts as a means of regeneration has several
limitations. First, most of the surveyed sites were dominated by baldcypress, which
were selectively cut from the stand. This harvesting treatment is probably not suited
to produce regeneration of baldcypress or tupelo because light levels often remain
relatively low. Second, the trees cut were primarily sawtimber-sized baldcypress trees
with relatively large diameters, which have been found elsewhere to be less successful
at generating vigorous stump sprouts compared to smaller stumps. Additionally, the
partial cutting resulted in lower amounts of sunlight reaching the stump sprouts than
in clearcuts or seed-tree cuts. Diameter-limit, partial cuts are common in wetland
forests, so the study sites represented typical post-harvest conditions. Natural
regeneration would likely improve if more light were available, provided hydrological
conditions are suitable for regeneration, and competition and herbivory are not severe.
However, these conditions are not common in much of the coastal forest of Louisiana.
Conclusions
The surveyed sites generally are not regenerating to cypress–tupelo forest. This
situation is probably at least partially because a relatively dense overstory remained
after cutting at some sites, which reduced light levels below those necessary for
consistent regeneration from either seeds or stump sprouting. However, flooding
appeared to be responsible for eliminating all regeneration from seedlings at many
sites. Regeneration from stump sprouting was not sufficient to regenerate surveyed
stands on its own. Although stump sprouts were locally vigorous, they were spatially
not consistent and we found nothing to explain variation in stump sprout survival or
vigor. Overall, the data from the survey were consistent with previous research that
has found natural seedling regeneration to be lacking in Louisiana coastal forests, and
suggested stump sprout regeneration will not be sufficient to compensate.
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HISTORIC AND CURRENT CONDITIONS OF CYPRESS-TUPELO FORESTS IN
LOUISIANA
Swamp forests represent a unique and important ecosystem in the southeastern
United States. These forests are dominated by baldcypress and pondcypress, but
pondcypress is of minor importance in Louisiana (Sternitzke, 1972). The natural
geographical range of baldcypress begins in Delaware, extends along the Atlantic
Coastal Plain to Florida and westward along the Gulf of Mexico to Texas, and extends
up the Mississippi River floodplain as far north as southern Illinois and southwestern
Indiana (Fowells, 1965). Very little seed matures at the northern limits of its range,
but planted baldcypress can survive as far north as Massachusetts (Bonner, 1974) and
New Hampshire (personal observation). The term baldcypress will be used whenever
this species is discussed for Louisiana. The term cypress will only be used when it
refers to both baldcypress and pondcypress.
Baldcypress-dominated ecosystems of coastal Louisiana have experienced
widespread hydrological, biogeochemical, and biological changes over the past century,
and declines in some populations have been apparent (Conner and Toliver, 1990).
Little is known, however, about the present state of baldcypress ecosystems at the
scale of the entire coastal Louisiana region. This knowledge gap has developed because
of physical inaccessibility and lack of active forest management after a period of
intense logging in the early 20th century.
This report reviews accounts of baldcypress forests from historic times and
compares them to the best estimates of current conditions from the USDA Forest
Service Forest Inventory and Analysis (FIA) to assess the state of coastal baldcypressdominated forests in an historical context.
Historic Conditions
Baldcypress was a common and often dominant tree in the coastal plain of
Louisiana when settlers first arrived in the state, prompting du Pratz to write in 1774
"... there is the greatest plenty immediately to the westward of the mouth of the
Mississippi" (Tregle, 1975). Nearly pure stands of baldcypress were found in the back
swamps and deep swampy portions of the river floodplains (Mattoon, 1915). The
baldcypress forests seemed inexhaustible to these early settlers (Louisiana
Department of Conservation 1926) with nearly 15 billion board feet of baldcypress
estimated in the delta swamps at the time of settlement (Kerr, 1981). Wherever it
occurred, baldcypress was characteristically the predominant tree (Mattoon, 1915).
Other important species include red maple, ashes, and water tupelo (Conner and Day,
1976).
To the early settlers, these swamplands were considered dangerous and
forbidding (Bartram, 1791 in van Doren, 1928). However forbidding the swamp forests
appeared, the value of baldcypress wood was recognized early, and it was easily
obtainable because swamps were located behind nearly every plantation home (Moore,
1967). Until the 1790s, baldcypress boards and timbers represented the main cash
crop of the colonists in the state. Baldcypress remained a stable commodity of the
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lumber industry into the 1800s because of its durability and workability (Mattoon,
1915). Baldcypress was used extensively in house construction and was a preferred
material for tanks used for water storage and by creameries, breweries, bakeries,
dyeworks, distilleries, and soap and starch companies. It was also used for pumps,
laundry appliances, caskets, and coffins. Baldcypress shingles were known to outlast
all roofing materials except the best quality slate and tile (Mattoon, 1915).
In Louisiana, the area of greatest commercial production included all of the
alluvial floodplain of the Mississippi River but mainly was concentrated in the area
south of Baton Rouge (Mattoon, 1915). Unfortunately, detailed area, volume, and
logging data do not exist for many areas (Norgress, 1947, Mancil, 1972). There are
scattered records of varying reliability on the total area of baldcypress swamp in the
state (Table 15, Figure 14) and some parish by parish harvesting records (see Conner,
1988 for parish details). Mattoon (1915), Norgress (1936, 1947), and Mancil (1972)
have all described the history of baldcypress logging in Louisiana.
Table 15. Various estimates of the area of swamp lands in Louisiana.
Year

Land or forest
Area
Source
type classification
(million acres)
1848
swamp lands
2.27
Norgress 1947
1872
wooded swamps
2.74
Post 1969
1910
cypress and bottomland hardwood
2.89
Grace 1910
1915
permanent swamp
8.99
Mattoon 1915
1934
bottomland hardwood
7.46
U.S. For. Serv. 1955
1934
cypress and denuded cypress
1.65
Louisiana Dept of Conservation 1934
1935
cypress-tupelo
1.19a
Winters 1939;Winters et al. 1938
1954
bottomland hardwood
6.59
U.S. For. Serv. 1955
1954
oak-gum-cypress
5.90
U.S. For. Serv. 1955
1954
tupelo-cypress
1.06a
U.S. For. Serv. 1956
1964
oak-gum-cypress
5.83
Sternitzke 1965
1974
oak-gum-cypress
4.96
Earles 1975
1978
wooded swamp
1.63b
MacDonald et al. 1979
1980-81
cypress-tupelo
0.35c
Wicker et al. 1980, 1981
1984
oak-gum-cypress
3.93
Rosson and Bertleson 1985, 1986a-d
1991
oak-gum-cypress
4.35
Rosson 1995
a Only includes those parts of the state classed as north and south delta.
b Only includes the Mississippi River floodplain.
c Only includes the Louisiana coastal zone.
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Figure 14. Estimates of historical area of Louisiana swamps. Triangles are estimates from Table 13 and
squares are Forest Service FIA data from the combined South East and South Delta regions of
Louisiana (Figure 1). Circled triangles are estimates of swamp area that include cypress-tupelo swamps
only.

Baldcypress logging was originally limited to floating previously girdled trees
out during high water periods, and was thus limited to areas near large rivers. During
the 1890s, however, the pullboat, and later the overhead-cableway skidder, increased
the range of the logger and the amount of timber that could be brought out of the
forest. By the close of the 19th century, three billion board feet of baldcypress had
been logged in Louisiana (Kerr, 1981). Extensive logging in the state led people to
declare that the resource could not last for long. M. LePage du Pratz (Tregle ,1975)
observed during the 18th century:
"The cypresses were formerly very common in Louisiana; but
they have wasted them so imprudently, that they are now
somewhat rare. They felled them for the sake of their bark,
with which they covered their houses, and they sawed the
wood into planks which they exported at different places.
The price of the wood is now three times as much as it was
formerly."
Du Pratz's comments were a little premature, however, as considerable
quantities of baldcypress timber were cut during the mid-1800s for use in mills along
the Mississippi River (Post, 1969), and baldcypress lumbering continued to thrive in
Louisiana with the period of highest production occurring between 1890-1925.
Baldcypress timber production peaked in 1913 (Table 16, Figure 15) with over 700
million board feet being processed in 94 mills (Mattoon, 1915). Depletion of the vast
virgin stands of baldcypress timber and the Great Depression caused most of the
baldcypress mills to close (Burns, 1980).
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Table 16. Volume of cypress cut in the state of Louisiana (Louisiana Department of Conservation, 1943;
Steer, 1948; Louisiana Forestry Commission, 1957; Louisiana Forestry Commission Progress Reports,
1956-76; Mistretta and Bylin, 1987).
Year
1869
1879
1889
1899
1904
1905
1906
1907
1908
1909
1910
1911
1912
1913
1914
1915
1916
1917
1918
1919
1920
1921
1922
1923
1924
1925
1926
1927
1928
1929
1930
1931
1932

Timber harvested
106 bd ft
7,000
45,000
100,000
248,532
432,233
487,504
573,096
509,665
488,670
608,854
653,699
682,867
653,727
744,581
672,211
560,751
527,425
509,659
296,986
308,139
273,116
348,568
364,687
307,283
299,664
274,040
230,782
185,543
147,162
111,739
108,713
52,060
38,586

Year
1933
1934
1935
1936
1937
1938
1939
1940
1941
1942
1943
1944
1945
1955
1956
1957
1959
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1984
1985

Timber harvested
106 bd ft
43,636
34,703
54,066
69,619
89,416
73,734
81,798
70,568
57,821
52,814
48,963
31,375
24,461
25,757
19,437
13,352
15,954
15,866
15,468
9,047
9,462
8,580
8,219
6,820
7,836
6,645
5,115
5,120
3,157
5,776
3,017
19,600
24,882
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Figure 15. Volume of cypress cut in the state of Louisiana.

During the peak of the logging period, some landowners and loggers began to
wonder about the future of their cutover lands. As early as 1872, Lockett (Post, 1969)
thought that a great deal of the swamp land was reclaimable, but there was very little
interest in the state at that time in trying to do anything. Mattoon (1915) considered
that the cutover lands were mostly unproductive and were being held chiefly for their
potential value for agriculture after draining and clearing. Mattoon also reported that
very little serious consideration had been given to the question of the future use of
logged baldcypress lands. He recognized that there was a strong tendency towards
conversion and, as a result, many operators were in favor of taking every baldcypress
tree of possible value and leaving none for future return.
Sonderegger (1922) estimated that baldcypress forests would be depleted by
1940. By 1924, the estimate had been revised to 1935 (Louisiana Department of
Conservation, 1926), and this estimate held through 1931 (Maestri, 1931). A proposal
was presented to the U. S. Department of the Interior to create a baldcypress swamp
national monument in Louisiana before all the virgin timber was logged (King and
Cahalane, 1939). However, no action was taken.
Even in the 1940s, there was little regard for ensuring that cypress would be a
renewable resource. Norgress (1947) reported there were 1,628,915 acres of cutover
cypress swamp lands in Louisiana and that by logging, the first step had already been
towards converting these areas to its true function – agriculture.
Logging continued in the swamplands of Louisiana to some extent until the last
baldcypress logging operation closed in 1956 at which point Mancil (1972) declared
that the baldcypress industry was gone forever. He further stated these cutover stands
were not likely to be regenerated because of the problems of reforestation and
management of baldcypress.
However, some hardwood mills continued to harvest limited quantities of
baldcypress (Mancil, 1980). Paul Frey (State Forester, Louisiana Department of
Agriculture and Forestry) estimated that 120 million cubic feet were cut from 1986
through 2003, which would average roughly seven million cubic feet per year. It
therefore appears that baldcypress harvest stabilized during the mid-1960s at 10-15%
of the maximum harvests rates, which occurred almost 100 years ago. Growing stock
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volume since the 1950s continued to increase in the state until the 1980s (Figure 16),
but seemed to be leveling off. However, the recent announcement of the building of a
new cypress sawmill north of Hammond, Louisiana, recent cypress logging in south
Louisiana, the new market for cypress mulch, and the rise in prices for cypress
stumpage and lumber indicate a revived interest in harvesting baldcypress.
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Figure 16. Baldcypress growing stock volume in Louisiana.

An accurate estimate of the area of baldcypress in the state of Louisiana is not
available (Table 15, Figure 14) mainly because of the various ways the resource has
been measured in the past. With the Swamp Land Act of 1849, 10 million acres of
swamp lands were awarded to the state by the Federal government. Not all of these
were baldcypress lands, however. Another estimate of swamp lands came from the
Surveyor General's Office in 1848 which reported 2.3 million acres of swamp lands in
the state, most of which was considered baldcypress (Norgress, 1947). Mattoon (1915)
estimated that there were 9 million acres of permanent swamps in the state. Probably
the most accurate estimate of baldcypress swamps in the state came from the
Louisiana Department of Conservation (1934) which indicated that 22,356 acres of
baldcypress were left in the state along with over 1.6 million acres of denuded
baldcypress land. MacDonald et al. (1979) reported that there were 1.6 million acres of
wooded swamp just in the Mississippi floodplain, but recent estimates by Wicker et al.
(1980, 1981) indicate that only 345,911 acres of cypress-tupelo swamp exist in the
state. Their estimate is low, since the area surveyed covers only the official coastal
zone region of Louisiana, which does not include some baldcypress areas in the
Barataria and Atchafalaya basins as well as in the northern and central parts of the
state. Overall, it appears that that the area of baldcypress swamp land in Louisiana is
declining.
Current Conditions: Forest Inventory and Analysis (FIA) Data
The most complete data available on the area of forest types in Louisiana comes
from the U.S. Forest Service continuous forest inventory started in 1934. The
program, now known as Forest Inventory and Analysis (FIA), has periodically
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inventoried forests of the U.S. since 1930 by statistical extrapolation from periodically
remeasured permanent plots. Routine reporting of these data by the Forest Service
has historically consisted of state-level published summaries, with some data
summarized by smaller subregions. Unfortunately, plot data older than 1974 were
destroyed by routine purging of government documents, so it is not possible to analyze
data by any criteria not reported in basic Forest Service summary publications for
before that time.
It is difficult to use FIA reports to estimate historical changes in baldcypress
swamp before 1974. Baldcypress swamp has not always been a separate category in
reports, and has often been included in the oak-gum-cypress category. From an
estimated 7.4 million acres in 1934 (calculated from U.S. Forest Service 1955
estimates of the amount of reduction in area between 1934 and 1954), the total area of
oak-gum-cypress forest declined to 3.9 million acres in the mid-1980s (Rosson and
Bertelson, 1985, 1986a-d) – nearly a 50% reduction in area in only 50 years. Turner
and Craig (1980) noted that if the declining trend continued at the rate current at that
time, the area of forested wetland in the state would be reduced by another 50% by the
year 2000. However, much of the loss of oak-gum-cypress forest type in the state prior
to the 1980s was by clearing of bottomland hardwoods for agriculture in the alluvial
valley of the Mississippi River north of coastal wetlands (Shepard et al., 1998).
To focus on coastal baldcypress swamps, we conducted new analyses of data
from 1974, 1984, 1991 and 2003. Louisiana FIA surveys in 1991 and earlier (1934,
1954, 1964, 1974, and 1984) were statewide measurements of plots on a 3-mile grid,
repeated approximately once per decade. Subsequent surveys are based on a new
system whereby 20% of all plots are measured at higher frequency (these 20% blocks
of plots are termed “panels”). Also, the new system (adopted 1998) incorporates a new,
nationally standard plot spacing on a hexagonal grid. Converting from the old square
grid to the new hexagonal grid means that some pre-1998 plots are being abandoned
and new plots established. Because the first survey under the new hexagonal system
has not yet been completed, no precise data yet exist on how many pre-1998 plots will
remain part of subsequent surveys. As of December 2004, FIA has published data from
60% of new Louisiana plots measured through 2003. Of the first three panels to be
measured and published, 826 are re-measured pre-1998 plots, 394 are new plots, and
42 are replacement plots.
Although the FIA data are extensive, the sampled proportion of land area is
quite small. For the 30 parishes of the coastal area used in this report, there were
1603 pre-1998 plots, of which less than half were forested (Table 17). Of the forested
plots, about 20-30% (depending on year) were in cypress-tupelo forest.
Table 17. Number of FIA plots in the SWG Coastal Wetland Forest Area of Louisiana
Sample Year
Total Plots
Forested Plots
Cypress-tupelo Plots
1974
1603
735
147
1984
1603
687
170
1991
1603
683
150
2003 (3 panels = ~60% of total)
1262
547
541
1Thirty-seven former cypress-tupelo plots now abandoned; classified hazardous or access denied

Some parts of the coastal area have insufficient forest cover for surveying by
FIA. Parishes that were never surveyed before 2003 are Cameron, Jefferson, Orleans,
Conservation, Protection and Utilization of Louisiana’s Coastal Wetland Forests

62

Plaquemines, and St. Bernard. Thus, FIA does not include information on baldcypress
ecosystems over a portion of the edge of its range. Parishes that were surveyed but
included very small numbers of forested plots are Lafayette (1 forested plot of 32 total)
and Vermillion (2 forested plots of 78 total). The highest density of forested plots is in
the Florida parishes, but forest cover is dominated by pine. The parishes with the most
1991 plots in cypress-tupelo forest were St. Martin (20), Assumption (11), Terrebonne
(11), Lafourche (10), and St. John the Baptist (10). Parishes with no plots in cypresstupelo forest in 1991 were E. Feliciana, Lafayette, Pointe Coupee, St. Helena,
Vermillion, and W. Baton Rouge.
The abandonment of pre-1998 plots and establishment of many new plots in the
conversion to the panel system beginning with the 2003 data has reduced the strength
of comparisons among survey periods, at least between the two most recent surveys.
Historically, the same plots were remeasured in each successive survey, so although
samples sizes were still relatively small compared to the extent of baldcypress forests
in Louisiana, each plot was followed through time and provided a long-term record of a
particular site. The new system does not allow for reliable comparisons among 2003
(and future) surveys and past surveys because new plots have been established and
some historic plots have been removed. Therefore, variability in baldcypress trends
may partially be a result of the new sampling design rather than real changes in the
forests. All interpretation of 2003 data should be considered preliminary and lacking
in precision when making comparisons to previous surveys. Sample sizes in all years
are too small for robust estimation of any summary data of baldcypress forests at the
parish level or by geographical extent (e.g., Atchafalaya Basin, Lake Maurepas area)
because FIA was not designed to allow monitoring of forest changes over spatial scales
smaller than an entire state.
Results of FIA Analysis
Total forest cover in the study area decreased by 6% from 1974-2003, but area of
baldcypress forest increased by 4% from 0.81 million acres to 0.85 million acres
(Figure 17. The biggest changes in land area covered by cypress-tupelo forests
occurred between 1974 and 1991, when about 125,000 acres were added from 19741984 and about 112,000 acres lost from 1984-1991 (net gain about 14,000 acres). This
period was marked by additions from reversion from agriculture (mainly in the 19741984 period) and losses from agriculture and urbanization (1984-1991 period) of 1115% of the total area. The FIA data show essentially no change (2% gain) in total area
covered by cypress-tupelo forests during the period 1991-2003. There are some
technical barriers to precise assessment of the area of cypress-tupelo forest over time.
Timber types in FIA are assigned based on computer algorithms sensitive to stocking
of particular species. Addition or subtraction of one or two trees on some plots over
time might have led the forest classification to change between cypress-tupelo and, for
example, sweet bay-swamp maple-tupelo. Small sample sizes mean that the
fluctuation of 100,000 acres in the inventory arose from the change in classification of
just 20 plots.

Conservation, Protection and Utilization of Louisiana’s Coastal Wetland Forests

63

Forest Area (thousand acres)

In 1991, 84% of the volume of baldcypress growing stock was in the cypresstupelo forest type, and the remainder was mainly in bottomland hardwood
associations. In 2003, this proportion remained stable at 85% of baldcypress volume in
cypress-tupelo stands (data for 1974 and 1984 were not readily available). This means
that FIA data on baldcypress volume and growth are dominated by baldcypress in its
core habitat.
Cubic foot volume of wood in baldcypress growing stock increased by 27% from
1974 to 1984 (Figure 16). An additional 4% increase in volume occurred from 19841991, but a 3% decrease occurred from 1991-2003. Essentially, the standing volume of
baldcypress has remained nearly unchanged since the 1984 survey. Using the volume
of baldcypress over the entire state as an index for growth in the coastal region, it
appears that growth rates of 20-30 million cubic feet per year from the 1950s to 1980s
(Figure 16) has essentially ceased.
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Figure 17. Forest cover in the SWG Coastal Wetland Forest Area of Louisiana

From 1974-2003, baldcypress has maintained or increased its relative
dominance within cypress-tupelo forests (Figure 18). Basal area of baldcypress in
cypress-tupelo stands has increased from an average of 56 square feet per acre in 1974
to 64 square feet per acre in 2003. In contrast, non-baldcypress (mainly tupelo) showed
decreases in basal area from 87 square feet per acre to 70 square feet per acre from
1984 to 2003. Thus, while baldcypress is not growing quickly, it is at least maintaining
its position in mixed stands. This decreasing non-baldcypress basal area also suggests
that water tupelo may be in substantial decline.
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Figure 18. Basal area of cypress-tupelo forests in the SWG Coastal Wetland Forest Area of Louisiana.
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Baldcypress forests of the region in 1974 were dominated by relatively small
trees, but 29 years of growth has seen the size structure change to be dominated by
larger trees (Figures 19 and 20). These trends follow classic patterns of stand
development, and suggest that baldcypress is generally continuing to grow in the
region. The fact that baldcypress trees are continuing to grow in diameter but little
additional wood volume is accumulating (Figure 16) and basal area is increasing only
slowly (Figure 18) indicates that most stands are either at high stocking or that
environmental stresses are preventing stands from growing more dense. The stand
densities of < 150 square feet per acre are below biological limits, suggesting that
environmental stresses are suppressing stand growth.
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Figure 19 Size-class structure of baldcypress trees in the SWG Coastal Wetland Forest Area of
Louisiana for four survey periods.
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Figure 20. Basal area contributions of baldcypress trees of varying diameters in the SWG Coastal
Wetland Forest Area of Louisiana for four survey periods.

Current Conditions: Summary
The FIA data suggest that baldcypress forests are approximately stable in extent,
growing and maintaining themselves in mixed cypress-tupelo stands at the regional
scale. However, the data are not well suited for making precise statements about
geographical differences in the status of baldcypress forests within the coastal region
because sample sizes are low. Thus, the data are insufficient to determine whether
baldcypress forests are declining/stable/expanding and/or growing in coastal wetland
forests. There are large areas within the study region where baldcypress growth
and/or survival are known to be low or non-existent but the FIA data are insufficient
to tease out any such local trends. The same limitations on the data prevent
determination of whether the environmental stresses reducing growth are widespread
or are local.
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POLICIES AND REGULATIONS
A review of state policies and regulations relating to best management practices
(BMPs) for timber harvest focused on coastal states across the United States. In
general, state BMPs are concerned with impacts on water quality. The following is a
summary of federal and state regulations affecting timber harvest.
Clean Water Act Section 404 and Silvicultural Exemptions

Federal Water Pollution Control Act (33 U.S.C 1251 et seq., amended 1977,
amended through P.L. 107 – 303, November 2002) and commonly referred to as the
“Clean Water Act”; Section 404; Title 33 – Navigation and Navigable Waters; Chapter
26 Water Pollution Prevention and Control; Subchapter IV – Permits and Licenses,
Sec. 1344 – Permits for dredged or fill material.
This section of the Clean Water Act is one of two federal acts that govern timber
harvest in coastal and freshwater wetlands, and is primarily regulated by the U.S.
Environmental Protection Agency (U.S. EPA). As Section 404 defines permitted
actions in wetlands, actions affecting water quality, and defined state administration,
all state BMPs were viewed as modeled on regulations put forth in this act. Section
404 of the Clean Water Act (CWA) establishes a program to regulate the discharge of
dredged or fill material into waters of the United States, including wetlands. Activities
in waters of the United States regulated under this program include fill for
development, water resource projects (such as dams and levees), infrastructure
development (such as highways and airports), and mining projects. Section 404
requires a permit before dredged or fill material may be discharged into waters of the
United States, unless the activity is exempt from Section 404 regulation (e.g. certain
farming and forestry activities).
Activities regulated under Section 404 are reviewed through a three-part
process, which entails avoidance, minimization, and compensation of adverse impacts
to wetlands and other aquatic resources. This sequence requires that potential
wetland impacts first be avoided and then minimized to the maximum extent
practical. Compensatory mitigation is then required to offset unavoidable impacts, and
is defined as the restoration, creation, enhancement, or (in exceptional circumstances)
preservation of wetlands and/or other aquatic resources. This requirement allows for
compensation for unavoidable adverse impacts that remain after all appropriate and
practical avoidance and minimization has been achieved. Compensatory mitigation
includes project-specific mitigation, mitigation banks, and in-lieu-fee mitigation.
Under Clean Water Act Section 404(f), a permit is generally not required if
discharges of dredged or fill material are associated with normal farming, ranching,
and forestry activities such as plowing, cultivating, minor drainage, and harvesting for
the production of food, fiber, and forest products. This exemption pertains to normal
farming and harvesting activities that are part of an established (i.e., ongoing)
farming or silvicultural operations. If an activity involving a discharge of dredged or
fill material represents a new use of the wetland (e.g. conversion to upland), and the
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activity would reduce reach or impair flow or circulation of regulated waters, including
wetlands, the activity is not exempt. Both conditions must be met in order for the
activity to be considered non-exempt. In general, any discharge of dredged or fill
material associated with an activity that converts a wetland to upland is not exempt,
and requires a Section 404 permit. Determination of whether logging activities in
cypress/tupelo swamps in coastal Louisiana are exempt under Clean Water Act
Section 404(f) is currently being done on a case-by-case basis, after taking into
consideration information specific to each proposed logging operation.
Rivers and Harbors Act of 1899

Rivers and Harbors Act of 1899 (amended 1994) (33 U.S.C., Sec. 403, Chapter 9,
Subchapter I – Codification from Ch. 425, Section 10 Rivers and Harbors Act of 1899).
Section 10 of the Rivers and Harbors Act of 1899 (Section 10), prohibits the
unauthorized obstruction or alteration of any navigable water of the United States,
unless a Department of the Army (DA) permit has been issued by the U.S. Army Corps
of Engineers (Corps). The Corps implementing regulations for Section 10 are found at
33 CFR part 322, and states a DA permit (via the Corps) is required for the
construction of any structure in, over, or under navigable waters, the excavation of
material from navigable waters, the deposition of material into navigable waters, or
any other work that affects the course, location, condition, or capacity of navigable
waters.
Navigable waters of the United States are defined at 33 CFR 329.4 as: “those
waters that are subject to the ebb and flow of the tide and/or are presently used, or
have been used in the past, or may be susceptible for use to transport interstate or
foreign commerce.” In tidal waters, the shoreward limit of navigable waters extends to
the line on the shore reached by the plane of the mean high water (see 33 CFR
329.12(a)(2)). In bays and estuaries, Section 10 jurisdiction extends to the entire
surface and bed of all bodies of water subject to tidal action (see 33 CFR 329.12(b)). In
rivers and lakes, Section 10 jurisdiction extends laterally over the entire water surface
and bed of a navigable waterbody, including all land and waters below the ordinary
high water mark (OHWM), even though such waters may be extremely shallow or
obstructed by shoals or vegetation (see 33 CFR 329.11(a)). Therefore, Section 10
jurisdiction extends to marshes and forested wetlands that lie between the channel
and mean high water line or OHWM.
Unlike the Clean Water Act, there are no exemptions under Section 10 for
regulated work within navigable waters of the United States. Examples of work
associated with silvicultural activities that require Section 10 permits if they occur
within navigable waters include: deposition or redistribution of fill material associated
with logging roads, stream crossings, and staging areas; construction or placement of
structures such as timber mats and loading/offloading ramps; stockpiling of timber;
and excavating or dredging for any reason.

Conservation, Protection and Utilization of Louisiana’s Coastal Wetland Forests

68

Existing State Regulations for Louisiana Coastal Forests
Landowners conducting timber harvest operations on lands located within the
Louisiana Coastal Zone need a Coastal Use Permit before commencing work if the U.S.
Army Corps of Engineers (USACE) has determined their operations are not exempt
under Section 404 of the Clean Water Act or Section 10 of the Rivers and Harbors Act.
Whereas the Louisiana Coastal Resources Program typically provides an exemption
from permitting for normal silvicultural activities on lands consistently used in the
past for such activities (La. R.S. 49:214.34.A.3), this exemption does not apply to those
components of proposed timber harvest operations that require a permit from the
USACE under either Section 10 of the Rivers and Harbors Act or Section 404 of the
Clean Water Act (Louisiana Administrative Code, Title 43, Part I, Chapter 7, Section
723.B.7.a.ii).
State Best Management Practices (BMPs)
In general, the state BMPs reviewed followed the guidelines of Section 404
regulations and were aimed primarily at controlling nonpoint source pollution,
protecting wetlands, and promoting water quality. Only two states (Alaska and
Florida) mentioned particular species – spruce and cypress, respectively – in their
BMPs. States varied in the attention given regeneration following harvest. Virginia
included several chapters devoted to regeneration, emphasizing conventional
silvicultural techniques for site preparation.
Louisiana: BMPs have specific guidelines for “normal silvicultural practices”
that include defining normal silvicultural activities and established operations.
Attention is given to operations in wetlands that would result in conversion
from wetland to upland, but no mention is made of conversion of wetland to
open water. Specific discussion is provided to determine activities that would
result in a permit under Section 404.
Forested wetlands are given special attention in Louisiana’s BMPs, with
approximately one-third of the total BMPs guideline devoted to forested
wetlands. These BMPs contain 15 mandatory practices for roads in
jurisdictional wetlands, including water regime flow and vegetative disturbance
resulting from road construction and maintenance, borrow and fill materials,
and culverts. Mandatory BMPs also provide for protection of habitat for
threatened and endangered species, breeding and nesting areas for waterfowl
and spawning beds, and prohibitions for discharge in proximity of public water
supplies, into concentrated shellfish populations, national wild and scenic river
systems.
Alabama: Alabama’s BMPs are found in a series of “Fact Sheets” detailing
information on individual topics. Harvest, site treatments, and regeneration are
focused primarily on pines. See http://www.forestry.state.al.us/
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Alaska: Forest management practices on state, municipal, and private lands in
Alaska are covered under the Alaska Forest Resources and Practices Act (FRPA
AS 41.17). Best Management Practices (11 AAC 95) were included to address
timber activities in riparian zones, aimed primarily at ensuring water quality
and follow closely those provisions of Section 404 of the Clean Water Act. Aside
from Florida, Alaska was the only state to make specific mention of tree species
(spruce, Picea sp.) in BMPs. See
http://www.dnr.state.ak.us/forestry/forestpractices.htm#act
Florida: Florida provides extensive BMP guidelines, with strong emphasis on
protecting water quality. No specific mention is made of cypress harvests,
however a separate document (Cypress Task Force Consolidated Report 19962002) details what is known to date of requirements for sustaining cypress
regeneration following harvest. For Florida’s BMP guidelines, see http://www.fldof.com/forest_management/bmp/index.html
Georgia: BMPs for Georgia were developed mainly to address impacts of timber
harvest and management on water quality, specifically nonpoint source and
thermal pollution. In 1999, Georgia’s Forest BMPs were combined with Wetland
BMPs into one comprehensive document. See
http://www.gfc.state.ga.us/Publications/RuralForestry/GeorgiaForestryBMPMa
nual.pdf
Hawaii: Hawaiian state regulations regarding timber harvest and forest
management center on the effects of activities on water quality. Particular
mention is given to sediment control, use of pesticides and herbicides, road
construction, and harvest on steep slopes. State regulations for Hawaii go
beyond Section 404 provisions to recognize the high potential for erosion on
steep slopes. Recommended reforestation guidelines are to follow generally
accepted silviculture techniques. See
http://www.state.hi.us/dlnr/dofaw/wmp/bmps.htm
Maine: The primary focus of BMPs for Maine is water quality. All aspects of
harvest are discussed in terms of reducing impact on isolated wetlands and
riparian zones. Discussion of regeneration is aimed at reducing runoff and
siltation, but does not mention regeneration of specific species.
http://www.state.me.us/doc/mfs/pubs/bmp_manual.htm
Maryland: Maryland emphasizes wetland protection in that state’s BMPs, and
focuses discussion of timber harvest on controlling nonpoint source pollution
and sedimentation. See
http://www.dnr.state.md.us/forests/landplanning/bmp.html
Mississippi: Mississippi BMPs emphasize road construction, site preparation,
harvesting, revegetation, and riparian zone protection. Revegetation is
primarily concerned with soil stabilization to prevent erosion, and refer to
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USDA Forest Service recommendation for seeding density. See
http://msucares.com/forestry/education/bmp.html
North Carolina: The title of North Carolina’s BMPs, “Forest Practices
Guidelines Related to Water Quality,” is descriptive of the content and focus of
the document. Material related to timber harvest emphasizes water quality,
with little discussion of regeneration aside from site treatment. See
http://www.dfr.state.nc.us/water_quality/pdf/fpg.pdf
Oregon: Oregon’s BMPs were codified in the Oregon Forest Practices Act of
1971, the first of its kind in the U.S. Regulations are centered on protecting
waterways from nonpoint source pollution, sedimentation, and temperature
fluctuations. Also included are regulations preventing fire resulting from timber
harvests. http://www.odf.state.or.us/
South Carolina: South Carolina follows other states in designing BMPs to target
water quality, however specific mention is made to on-site activities that may
not affect water quality, such as timber harvest activities during wet seasons
that may result in soil compaction or puddling. There is no special mention of
coastal activities or tree species of concern. Reforestation recommendations
follow established silvicultural practices. See
http://www.state.sc.us/forest/rbth.htm#osi
Texas: BMPs for Texas are geared primarily toward silvicultural practices for
timber harvest, with less emphasis on water quality as in other states. Little
discussion of regeneration is provided beyond silvicultural practices for site
stabilization following harvest. See
http://texasforestservice.tamu.edu/pdf/forest/water/bmp_handbook2000b.pdf
Virginia: Forest BMPs are found in “Virginia’s Forestry Best Management
Practices for Water Quality.” Extensive discussion is given to reforestation and
site treatments (chapter 6), with recommendations made to follow specific
silvicultural treatments (e.g., windrows, disking, and prescribed burns). No
separate mention is made regarding coastal forest harvests or species of
particular concern. See http://www.dof.virginia.gov/wq/index-bmp-guide.shtml
Washington: Forestry BMPs in Washington are designed to address the state’s
role in controlling nonpoint source pollution, especially sedimentation and water
temperature. These BMPs also give attention to timber harvest on steep slopes,
riparian corridor protection, and turbidity. Washington has also entered into a
cooperative agreement with the USDA Forest Service to ensure these same
protections are afforded timber operations on national forests. See
http://www.ecy.wa.gov/programs.html
For a listing of all state BMPs on the internet see:
http://www.stateforesters.org/reports/BMP/BMP_Library.html
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Conservation Policies
Several options exist to conserve coastal cypress forests, including conservation
easements, set-aside programs, and mitigation. Each option is reviewed below.

Conservation Easements
These programs allow landowners to sell the rights to certain activities on their
lands (for example building residential or commercial developments) while retaining
other uses of the land not in conflict with the rights sold. Landowners could sell off the
right to harvest timber and still use the land for agriculture, recreation, and other
uses. The land is still transferable to descendents, however rights sold in easements
remain with holder of easement. Conservation easements are typically held by land
trusts or other private land conservation organizations. In the management of coastal
cypress forests, conservation easements offer an alternative to harvesting while
providing the landowner cash return from the timber. Another option is payment of
taxes in exchange for easement on harvesting rights. Of all options to be considered for
conserving private coastal cypress forests, conservation easements are most practical.
More information and examples can be found at:
http://www.lta.org/conserve/options.htm
http://nature.org/aboutus/howwework/conservationmethods/privatelands/conservation
easements/
http://laws.fws.gov/lawsdigest/taxdedu.html

Conservation Set-aside Programs
Set-aside programs are different from conservation easements in that these
programs are usually contractual agreements between state or federal agencies and
the landowner. The most widely known are the Conservation Reserve Program (CRP)
and Conservation Reserve Enhancement Program (CREP). Set-aside programs are
contractual agreements that typically pay the landowner to forego certain activities on
the land for a specified period of time. For example, CRP pays landowners up to $70
per acre annually to keep land out of agricultural production, plant specific warm or
cool weather grasses, and control erosion for a period of 10 or more years. Other
activities, such as hunting, are permitted under the contract.
Reference sites:
http://www.fsa.usda.gov/dafp/cepd/crp.htm
http://www.nrcs.usda.gov/programs/crp/
http://www.attra.org/guide/crp.htm
http://www.fsa.usda.gov/dafp/cepd/crep.htm
http://www.dcr.state.va.us/sw/crep.htm
http://www.dnr.state.md.us/wildlife/milo.html
http://www.nrcs.usda.gov/programs/

Conservation, Protection and Utilization of Louisiana’s Coastal Wetland Forests

72

Wetland Mitigation
Mitigating wetlands is a complex, often controversial management tool whereby
an artificial wetland is created to offset the loss of a natural wetland (usually marsh or
brushy wetland) to be destroyed by development, road construction, or other activity.
Wetlands are difficult to construct from uplands and survival rates, determined after
five years, are less than 50% in most regions. Critics claim that created wetlands are
often of lower quality and less productive than those destroyed. Proponents state that
mitigation provides no net loss of wetland acreage on a landscape scale. If mitigation
is considered for replacement of coastal cypress forests, careful consideration must be
given to the time-frame used to determine success. The 5-year benchmark typical of
determining success of non-woody herbaceous wetlands would not be appropriate for
determining success of mitigated cypress forests, as these stands take more than five
years to become established. In addition, monitoring of stand establishment would
have to be made annually to repair loss of seedlings/saplings and to prevent potential
loss of the stand.
Reference sites:
http://www.epa.gov/owow/wetlands/facts/fact16.html
http://www.epa.gov/owow/wetlands/guidance/
http://www.usace.army.mil/inet/functions/cw/hot_topics/Mit_Action_Plan_24Dec02.pdf
Public Involvement
Public involvement is paramount if efforts to conserve Louisiana’s coastal
forests are to succeed. Key stakeholders such as landowners, developers,
recreationists, and members of conservation organizations must be engaged in the
process to ensure concerns are addressed. Although conventional public involvement
processes of public hearings (where attendees provide comments to agency officials
without response) and public meetings (where there is a presentation, question, and
answer process between the public and agency officials) are the minimum required by
federal statute (NEPA, 1969), these efforts do not capture the extent of public
attitudes toward the issue (Miller, 2000). The main shortcoming of the public
hearing/meeting format is that public input is easily biased, leading agency officials to
at times mistakenly conclude public perception lies in a certain direction. Moreover,
attitudes toward projects and plans may not be completely represented at the
meetings. It is incumbent upon state officials to determine the extent of attitudes
toward Louisiana’s coastal forests. To ensure this need is met, it is necessary to
conduct a quantitative scoping process including, but not limited to, surveying the
attitudes of various stakeholders and the general public at large.
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FINDINGS AND RECOMMENDATIONS
Findings
The SWG finds the following about Louisiana’s coastal wetland forests:
1) Louisiana’s coastal wetland forests are of tremendous economic, ecological,
cultural, and recreational value to residents of Louisiana and the people of the
United States and the world; and include:
• wildlife habitat (including migratory songbirds/waterfowl, threatened and
endangered species),
• flood protection, water quality improvement (including nitrate removal), and
storm protection,
• carbon storage and soil stabilization,
• economic benefits of fishing, crawfishing, hunting, timber production, and
ecotourism
2) The functions and ecosystem services of Louisiana’s coastal wetland forests are
threatened by both large- and small-scale hydrologic and geomorphic alterations
and by conversion of these forests to other uses.
• Subsidence, sea-level rise, and levee construction are the large-scale
hydrologic and geomorphic alterations responsible for the loss of Louisiana’s
coastal wetland ecosystems including coastal wetland forests. Since
Louisiana’s coastal wetland forests are nutrient deprived as a result of the
Mississippi River levee system, addition of nutrients and sediments is the
only way for these ecosystems to maintain their surface elevation relative to
sea-level rise.
• The cumulative effects of small-scale or local factors can be of equal or
greater importance in coastal wetland forest loss and degradation than
large-scale alterations. These factors include increased depth and duration of
flooding, saltwater intrusion, nutrient and sediment deprivation, herbivory,
invasive species, and direct loss due to conversion. Causal agents include
highways, railroads, channelization, navigation canals, oil and gas
exploration canals, flood control structures, conversion of forests to urban
and agricultural land, and non-sustainable forest practices.
• Under less severe impacts, many of the important functions and ecosystem
services are lost or degraded even though the trees may be intact and the
forest may appear unaffected.
• Without appropriate human intervention to alleviate the factors causing
degradation, most of coastal Louisiana will inevitably experience the loss of
coastal wetland forest functions and ecosystem services through conversion
to open water, marsh, or other land uses.
3) Regeneration is a critical process of specific concern in maintaining coastal
wetland forest resources. Successful natural regeneration of this resource in the
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1920s was due to fortuitous conditions existing at that time. Currently, there is a
lack of regeneration in coastal cypress-tupelo forests that is a direct result of
factors identified above and their interactions with regeneration processes.
4) In those areas where flooding prevents or limits the natural regeneration of the
cypress-tupelo forest, artificial regeneration through tree planting is the only
currently viable mechanism to regenerate the forest. Some swamps are altered to
such a significant extent that even artificial regeneration is not possible. Coppice or
stump sprouting does not provide sufficient numbers of viable trees to reliably
regenerate the forest, even under optimum conditions.
5) Conditions affecting the potential for forest regeneration and establishment are
recognizable based upon existing biological and physical factors. The SWG has
developed a set of condition classes for the dominant wetland forest type in
Louisiana’s coastal cypress-tupelo forests. All references to flooding depths or
durations assume average rainfall conditions, not extreme or unusual events.
Sediment input is generally beneficial, but in localized situations, excessive levels
can prevent or prohibit natural or artificial regeneration under SWG Condition
Classes I and II. The SWG cypress-tupelo Coastal Wetland Forest Regeneration
Condition Classes are:
SWG Condition Class I: Sites with Potential for Natural Regeneration
These sites are generally connected to a source of fresh surface or
ground water and are flooded or ponded periodically on an annual
basis (pulsing). They must have seasonal flooding and dry cycles
(regular flushing with freshwater), usually have both sediment and
nutrient inputs, and sites in the best condition are not subsiding.
These sites have some level of positive tree growth, thereby providing
increasing or stable biomass production, organic input, and experience
re-charge of water table after drought periods. Sites in this category
that are subject to increasing flood frequency, increased flood
duration, or increasing flood water depths may eventually move into
the next lower category unless action is taken to remedy these
detrimental conditions.
SWG Condition Class II: Sites with Potential for Artificial Regeneration
Only
These sites may have overstory trees with full crowns and few signs of
canopy deterioration, but are either permanently flooded (which
prevents seed germination and seedling establishment in the case of
baldcypress and tupelo) or are flooded deeply enough that when
natural regeneration does occur during low water, seedlings cannot
grow tall enough between flood events for at least 50% of their crown
to remain above the high water level during the growing season.
These conditions require artificial regeneration, (i.e., planting of tree
seedlings). Water depth for sites in this category is restricted to a
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maximum of two feet for practical reasons related to planting of tree
seedlings. Planted seedlings should have at least 12 inches of crown
(length of main stem with branches and foliage present) and must be
tall enough for at least 50% of the crown to remain above the high
water level during the growing season. Sites with a negative trajectory
(increasing average annual water depth) may eventually move into
SWG Condition Class III unless action is taken to remedy this
detrimental condition.
SWG Condition Class III: Sites with No Potential for either Natural or
Artificial Regeneration
These sites are either flooded for periods long enough to prevent
natural regeneration and practical artificial regeneration, or are
subject to saltwater intrusion with salinity levels that are toxic to
cypress-tupelo forests. Two trajectories are possible for these two
conditions: 1) freshwater forests transitioning to either floating marsh
or open fresh water, or 2) forested areas with saltwater intrusion that
are transitioning to open brackish or saltwater (marsh may be an
intermediate condition). SWG Category III sites are placed in specific
subcategories relative to stress conditions as listed below. They may
differ in the types of recommendations made or actions that should be
taken relative to the particular stressing agent.
A. Forests with saltwater intrusion or high soil salinity:
1. Chronic (semi-permanent) saltwater intrusion (e.g.,
coastal areas with high rates of subsidence). These
are sites where saltwater intrusion is of a long-term
nature and requires correction.
a. For baldcypress, chronic levels of soil salinity of
four ppt or greater increases mortality of
seedlings and makes the likelihood of
regeneration unreliable.
b. For tupelo, chronic levels of salinity greater
than two ppt increases mortality.
2. Acute (temporary) flooding with saline waters such as
from storm surges. These conditions are temporary
and tolerance can be much higher.
B. Forests with water levels exceeding two feet at time of
planting makes artificial regeneration impractical.
6) Physical and biological processes link coastal forests and coastal marshes. The
current Louisiana Coastal Zone Boundary does not accurately reflect the full extent
of Louisiana’s coastal wetland forests. The lack of focus on large scale restoration
and protection activities outside the Louisiana Coastal Zone Boundary makes them
more vulnerable to loss and degradation from detrimental impacts.
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7) Spatially explicit data of coastal wetland forest conditions necessary to guide
restoration, regulatory, and management efforts are scarce. USDA Forest Service
Forest Inventory and Analysis (FIA) data are inadequate for these purposes.
Recommendations
The SWG recommends that the Governor:
1. Adopt the following statement of mission and intent regarding coastal
wetland forest ecosystem policy: The State of Louisiana will place priority on
conserving, restoring, and managing coastal wetland forests, including
collaborative efforts among public and private entities, to ensure that their
functions and ecosystem services will be available to present and future
citizens of Louisiana and the United States.
2. Recognize the regeneration condition classes (Finding 5) for cypress-tupelo
forests developed by the Science Working Group (SWG) and use them to
classify existing coastal forest site conditions for management, restoration,
protection, and use purposes.
3. Place priority on maintaining hydrologic conditions on SWG Regeneration
Condition Class I lands.
4. Delay timber harvesting on Condition Class III lands because these lands
will not regenerate to forests. The goal is to allow time for hydrologic
restoration and improvement of stand conditions to Class I or Class II lands.
Place an interim moratorium on harvesting on state-owned Condition Class
III lands. Develop mechanisms to delay timber harvesting on privately
owned Condition Class III lands.
5. Before harvesting SWG Condition Class I and II sites, a written forest
management plan with specific plans for regeneration must be reviewed by a
state-approved entity so appropriate practices can be suggested based on
local site conditions. The intent is to ensure that cypress-tupelo regeneration
and long-term establishment take place and that species or wetland type
conversion does not occur.
6. Develop spatially explicit data regarding SWG Condition Classes, existing
hydrologic and geomorphic conditions, and current and future threats to
coastal wetland forests. These data should be collected, evaluated, and
updated by a consortium of state, local and federal agencies, universities and
non-governmental organizations and made available to all entities. Adding
remotely-sensed data to this data set should be aggressively pursued. Such
data are critical to wisely manage and care for the coastal forest wetland
ecosystem of Louisiana.
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7. Establish and maintain a system of long-term monitoring of coastal wetland
forest conditions, supplemental to FIA and Coastal Reference Monitoring
System (CRMS) datasets, expanded to include the entire SWG coastal
wetland forest area (see Figure 1). Additionally, monitoring of restoration
should occur, and include measures to evaluate success. This may entail
some long-term efforts because forests may take 25 years to establish
functioning stands.
8. Coastal forests extend beyond the current Coastal Zone Boundary.
Therefore, the target area for large scale restoration should be expanded to
include coastal wetland forests as defined by the SWG (Figure 1), especially
those in major river bottoms draining to the coast (e.g., Atchafalaya and
Pearl River Basins) and those with extensive areas of coastal wetland forests
(e.g., Lake Maurepas).
9. Direct all state and local agencies to review, evaluate and coordinate their
activities in coastal wetland forests and develop guidelines and practices to
prevent the loss and degradation of habitat, functions, and ecosystem
services through official actions. The Governor should also officially request
that federal agencies do the same.
10. Review and modify current accepted practices for mitigation of impacts on
coastal wetland forests. Given the uniqueness of Louisiana’s coastal wetland
forests, all mitigation must be of the same forest type and occur within the
same watershed where the impacts are located.
11. Encourage conservation and protection of coastal wetland forest areas by
developing a Coastal Wetland Forest Reserve System.
12. Actively pursue restoration of degraded wetland forests, regardless of the
SWG condition class. Encourage collaborative efforts between public and
private entities including the development or modification of federal
legislation to include degraded coastal wetland forests in landowner
incentives programs.
13. Enhance wetland forest ecosystem functions and values as part of all
hydrological management decisions, including management of point- and
nonpoint-source inputs, floodways, creation of diversions, levee and highway
construction, and coastal management.
14. Develop policies to ensure implementation of the above recommendations.
Various incentive mechanisms should be explored as part of policy
implementation.
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Critical Research Needs
1. Restoration and management techniques need to be developed and
evaluated for Louisiana’s coastal wetland forests.
•

•

•
•
•

•
•
•

Establish and maintain a regeneration and tree improvement
program focused on coastal wetland forests. Initial goals should be
to identify and develop trees that are genetically resistant to salt
stress in order to regenerate areas susceptible to saltwater
intrusion.
Evaluate regeneration and establishment techniques as to their
effectiveness and impacts in cypress-tupelo wetlands. Regeneration
efforts should also focus on improving and expanding artificial
regeneration methods in coastal wetland forests.
Evaluate the use of treated wastewater and stormwater runoff as a
restoration technique to provide nutrients, reduce salinity stress,
and promote tree growth and sediment accretion rates.
Explore herbivore (e.g., nutria, leaf roller, tent caterpillar) and
invasive species control through wildlife management and insect,
disease, and vegetation control research programs.
Develop a set of scientifically based Coastal Wetland Forest Best
Management Practices (CWFBMPs) for each SWG Condition
Class. This program might be modeled after the existing set of
BMPs for upland forest management, but with the main difference
that the stated goal of the CFBMPs is to foster continued
productivity of the managed site itself (in contrast to existing
BMPs that attempt to mitigate off-site effects). The BMPs should
emphasize site evaluation, regeneration, pest management, and
appropriate harvesting technology.
Require explicitly stated goals for restoration projects in degraded
wetland forests and concurrent research to ensure efficacy and goal
achievement.
Conduct research to reveal the relationship of soil types to
regeneration condition classes and site productivity (forest health)
in coastal wetland forests.
Hydrological studies are needed to understand ecosystem control of
wetland forest water budgets. Attendant effects on forest
composition and productivity may greatly affect restoration
strategies.

2. Quantify stakeholder concerns regarding coastal wetland forests
activities as part of development of coastal wetland forests policies. Public
meetings alone are insufficient for this purpose.
3. Evaluate and quantify the habitat functions and values of Louisiana’s
coastal forests.
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4. Develop educational programs for the public, land owners, loggers, land
managers, teachers, etc., to encourage conservation, restoration, and
proper management of coastal wetland forests.
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APPENDIX 1: GLOSSARY
abscission – natural separation a leaf petiole from its twig caused by weather or stress
abiotic processes – non-biological events or activities (e.g., deposition of sediments, flooding, and fire)
advance reproduction – seedlings or saplings that develop or are present in the understory
adventitious buds – buds arising at positions other than where leaves or stems ordinarily arise, such as
on roots, at the base of trees, and often as a response to wounding
alluvial – soil developed from river/stream material and accumulated in delta-like fans or on lands of
river overflow
anaerobic – the absence of oxygen
anaerobiosis – living in the absence of molecular oxygen
angiosperm – a plant producing flowers and bearing seeds in an ovary (fruit), such as broadleaf trees
artificial regeneration – renewal of the forest by planting seeds/seedlings and establishing a new stand
of trees by planting seeds or seedlings by hand or machine
bareroot seedling – a tree seedling grown in a nursery bed - when large enough for transplanting, the
seedling is lifted from the nursery bed, and the dirt is removed from the roots before packaging
basal area – the cross section area of a tree stem commonly measured at breast height (4.5 feet above
the ground) and inclusive of bark - the area is generally expressed as square units per unit area
- tree basal area is used to determine percent stocking within a stand
basin – an area drained by a river and its tributaries
best management practices (BMPs) – guidelines developed for foresters and other land managers to use
in protecting water quality
biogeochemistry – interdisciplinary study of chemical reactions involving both biological and
geochemical processes
biogeochemical – An exchange of chemicals between biological organisms and the non-biological
environment integrating physical, chemical and biological processes.
biomass – all of the organic material on a given area
board foot – unit of measure represented by a board one foot long, one foot wide, and one inch thick
bole – a trunk or main stem of a tree
bottomland hardwoods – a forest type, dominated by hardwood species, that occupies floodplains and
normally receives seasonal flooding
canopy – all the green leaves and branches formed by the tops of trees in a forest
clear-cut harvest – a harvesting and regeneration method that removes all trees within a given area clear-cutting is commonly used in pine and hardwood forests, which require full sunlight to
regenerate and grow efficiently
cohort – a group of trees developing after a single disturbance, commonly consisting of trees of the same
age,
conservation – protection, improvement, and wise use of natural resources according to principles that
will assure long-term economic, ecological and social benefits
constructed wetlands – wetlands built by humans primarily for treating polluted water
coppice – method of renewing forest in which reproduction is by sprouting from the stumps of cut trees
cotyledon – a primary leaf of the embryo
crevasse splays – sediment deposited by water flowing through a break (crevasses) in a levee
delta lobe cycle – periodic changes in location of delta accretion caused by changes in river course
denitrification – the microbial conversion of nitrate (NO3) to nitrogen oxides (NO, N2O) or nitrogen gas
(N2)
dessication – the loss of internal moisture required to maintain survival
diameter at breast height – (dbh) a common measurement of tree diameter that is defined as the
outside bark diameter at 4.5 feet above the ground
diameter classes – classification of trees based on dbh
diameter-limit cut – removal of merchantable trees above a specified diameter
dioecious – trees in which the male and female flowers are produced on different plants – i.e., bears
imperfect flowers, with the staminate and pistillate flowers borne on different plants
distributaries – (distributary) a river that flows out of another river
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dominant trees – trees with crowns receiving full light from above and partly from the side; usually
larger than the average trees in the stand with crowns that extend above the general level of the
canopy and that are well developed
dormancy – a condition of arrested growth in which the plant and such plant parts as buds and seeds do
not begin to grow without special environmental cues
drupe – a fleshy, indehiscent fruit with a stony endocarp surrounding a usually single seed
easement – public acquisition by purchase or donation to acquire certain rights on private lands
ecosystem services – the benefits that humans and society derive from the functions of an ecosystem
embryo – the young plant within a seed
environment – the interaction of climate, soil, topography, and other plants and animals in any given
area - an organism's environment influences its form, behavior, and survival
epigaeal – a seedling which has above-ground cotyledons
eustatic – pertaining to global sea level
eutrophication – nutrient enrichment of an area that often changes ecosystem structure or function and
leads to decreased water quality - cultural eutrophication is sometimes used to connote humaninduced nutrient enrichment
eutrophication gradient – an area where nutrient enrichment decreases with increasing distance from
the source of the nutrients
evapotranspiration – water movement into the atmosphere through evaporation from soil and
transpiration from plants
even-aged – applied to a stand of trees in which relatively small age differences exist among individual
trees
exotic – non-native plants or animals
forest restoration – establishment of a forest and the ecosystem functions and values to a former
natural state
gall – an abnormal growth caused by insects
germination – rupture of the seed coat and concurrent development of the rootlet (radicle) and leaves
(hypocotyls)
girdle (girdling) – a physical cutting or disruption of the cambial sap flow within a tree - girdling by
humans, animals, or insects can result in mortality of the tree
growing stock – all trees in a forest or in specified area within the forest that meet specific standards of
size and quality
gymnosperm – plants producing seeds which are not borne in an ovary (fruit), the seeds usually borne
in cones
habitat – an area in which a specific plant or animal can naturally live, grow, and reproduce - for
wildlife, habitat is the combination of food, water, cover, and space
hardwoods (deciduous trees) – trees with broad, flat leaves as opposed to coniferous or needled trees wood hardness varies among the hardwood species, and some are actually softer than some
softwoods
high-grading – removal from the forest of only the highest quality trees, leaving lesser quality stems for
future harvests and as a source of seed
high-lead logging – cable system that involves accumulation of logs or trees in an area by means of a
cable passing through a block at the top of the large tree
horizontal structure – a measure of the diversity of diameter sizes of trees within a given forest
hydrochory – seed dispersal by water
hydroperiod – the timing, duration, and frequency of flooding at a particular site
hydrophytic vegetation – plants typically adapted for life in saturated soil condition
hypocotyls – the portion of the embryonic stem below the cotyledons
hypoxia – oxygen-deficient (<2 milligrams per liter) condition in coastal waters resulting from the high
oxygen demand associated with the decomposition of increased productivity in response to
eutrophication of aquatic ecosystems
increment core – a radial cylinder of wood extracted from a tree; often used to determine age and/or
annual growth of the tree
inundation – (inundate) - cover by water
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impoundment – a body of water held back by a dam, dike, floodgate or any other barrier - all artificially
ponded water, including natural bodies of water with artificially controlled water levels, except
that captured directly as it falls from the atmosphere
landscape – the variation of land uses and land features across an area of a size defined by the
investigator or of the question of interest
landscape composition – the types of land uses, plant communities, and natural features present in a
particular landscape
landscape connectivity – the degree to which a landscape hinders or assists movements of fish and
wildlife species or other processes of interest (e.g., nutrient transport)
latent buds (dormant bud) – buds which originally developed in a leaf axil and are connected to the pith
by a bud trace
levee – embankment, natural or manmade, to prevent flooding
long-term establishment (forest or stand establishment) – the regeneration of a suitable number of trees
(seedlings or coppice sprouts) that survive past the time when considerable mortality normally
occurs
lotic – non-moving waters, lake-like
macrophyte – plants that are large enough to be apparent to the naked eye
mast – fruits or nuts used as a food source by wildlife - soft mast includes most fruits with fleshy
coverings, such as persimmon, dogwood seed, or black gum seed - hard mast refers to nuts such
as acorns and beech, pecan, and hickory nuts
methanogenesis – metabolic pathway where methanogens use carbon dioxide or organic compounds as
terminal electron acceptors in anaerobic respiration producing methane
methanogens – specialized group of obligate anaerobic bacteria that carry out methanogenesis
microsporangiate – microspore (pollen) producing
monoecious – bears imperfect flowers, with the staminate and pistillate flowers borne on the same plant
natural stand (natural regeneration) – a stand of trees grown from natural seed fall or sprouting
net annual growth – change in volume of trees during a specified year including new growth minus
losses to death and decay
net primary production – the amount of organic matter produced during the growth and reproduction of
photosynthetic organisms minus the amount lost through respiration
nonpoint source pollution (NPS) – pollution without a single, defined source unlike pollution from
industrial and sewage treatment plants - pollution from many diffuse sources
nutrients – elements necessary for growth and reproduction - primary plant nutrients are nitrogen,
phosphorus, and potassium
overstory – trees in a forest forming the uppermost canopy layer
ovulate – producing ovules
oxidation – a chemical process that involves the loss of electrons, epalustrine wetlands – all non-tidal wetlands dominated by trees, shrubs, persistent emergents,
emergent mosses or lichens, and all wetlands where salinity due to ocean-derived salts is below
0.5 ‰ that occur in tidal areas including open water wetlands or less than 20 acres
pistil – the female reproductive organ of a flower
pistillate – bearing a pistil or pistils, but lacking stamens
polygamo-dioecious – mostly dioecious, but with some perfect flowers
redox processes – processes involving the reduction (gain of electrons, e-) and oxidation (loss of electrons,
of primarily iron, manganese, nitrogen, and carbon compounds
reduction – a chemical process that involves the gain of electrons, eregeneration – establishment of young trees either artificially or naturally
riparian zone – the terrestrial area adjacent to a waterbody such as a stream, river, lake or wetland
that significantly influences and is influenced by the waterbody – area of variable width related
to and in conjunction with a waterbody providing a terrestrial and aquatic ecosystem link
rookery – a colony of breeding waterbirds, such as herons and egrets
stream side management zone (SMZ) – area adjacent to a stream, lake or river where soils, organic
matter and vegetation are managed to protect water quality
sapling – a young tree; often defined as greater than 4.5 feet tall and less than five inches dbh
shade tolerance – capacity of a tree to develop and grow in the shade of other trees
silviculture – the practice and science of managing a forest
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skidder – machine used to remove trees and/or logs from the forest by dragging them along the ground
stamen – the male reproductive organ of a flower
stocking – the amount of trees in a given area relative to a pre-established standard
stand – a contiguous area of the forest with similar characteristics defined for the purposes of
management or study
stand density – density of trees per land area - normally quantified by number of trees per area, cubic
volume of wood per area, or basal area
stools – a living stump capable of producing sprouts
stratification – the process of exposing seeds to low, high, and/or alternating temperatures for an
extended period prior to germination to break seed dormancy -for most forest tree species in
Louisiana, stratification consists of exposure to low temperatures for prolonged periods
subglobose – almost spherical
subsidence – lowering of land surface elevation
substrate – the medium for plant growth - soil
transpiration – the loss of water vapor by plant parts, such as foliage, into the atmosphere
transgressive phase – The period of coastal land formation when the relative rise in sea level deposits
marine sediments over previously deposited terrestrial or riverine sediments.
understory – plants growing beneath the forest canopy
vertical accretion – increase in land elevation by addition of organic or inorganic matter
vertical structure – a measure of the distribution of plant heights in a forest - a forest with high levels of
vertical structure has plants with a diversity of heights, whereas a forest with low levels has
plants of only one or a few heights
watershed – an area of land drained by a single stream or river
wetland functions – the physical, chemical, and biological processes that sustain the wetland ecosystem,
irrespective of any interaction with humans
wetland structure – the physical attributes of the wetland such as soil and vegetation
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APPENDIX 2: COMMON AND SCIENTIFIC NAMES OF PLANTS AND ANIMALS
PLANTS
American elm
ash
green
pumpkin
Carolina
baldcypress
black willow
buttonbush
Carolina fanwort
cattail
common salvinia
coontail
cottonwood
hydrilla
overcup oak
pondcypress
red bay
red maple
swamp dogwood (roughleaf dogwood)
sawgrass
swamp red maple
swamp privet
sweetgum
tupelo
water tupelo
swamp tupelo
blackgum
Virginia-willow
water hickory
water hyacinth
water locust
waxmyrtle

Ulmus americana L.
Fraxinus L.
Fraxinus pennsylvanica Marsh
Fraxinus profunda Bush
Fraxinus caroliniana Mill
Taxodium distichum (L.) L. C. Rich.
Salix nigra Marsh.
Cephalanthus occidentalis L.
Cabomba caroliniana Gray
Typha domingensis Pers.
Salvinia minima Baker
Ceratophyllum demersum L.
Populus deltoides or Populus heterophylla L.
Hydrilla verticillata (L. f.) Royle
Quercus lyrata Walt.
Taxodium ascendens Brongn.
Persea borbonia (L.) Spreng.
Acer rubrum L.
Cornus drummondii C.A. Mey.
Cladium jamaicense Crantz
Acer rubrum var. drummondii (Hook. & Arn. ex Nutt.) Sarg.
Forestiera acuminata (Michx.) Poir.
Liquidambar styraciflua L.
Nyssa L.
Nyssa aquatica L.
Nyssa biflora Walt.
Nyssa sylvatica Marsh.
Itea virginica L.
Carya aquatica (Michx. F.) Nutt.
Eichormia crassipes (Mart.) Solms
Gleditsia aquatica Marsh.
Morella cerifera (L.) Small

ANIMALS
alligator
alligator snapping turtle
American toad
Bachman’s warbler
bagworm
bald eagle
baldcypress coneworm
baldcypress leafroller
bullfrog
cypress looper
eastern gray squirrel
eastern wild turkey

Alligator mississippiensis
Macroclemys temminckii
Bufo americanus
Vermivora bachmanii
Thyridopteryx ephemeraeformis
Haliaeetus leucocephalus
Dioryctria pygmaeella Ragonot
Archips goyerana Kruse
Rana catesbeiana
Anacamptodes pergracilis
Sciurus carolinensis
Meleagris gallopavo silvestris
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evening grosbeak
false map turtle
forest tent caterpillar
gadwall
Gulf sturgeon
hooded merganser
leopard frog
Louisiana black bear
nutria
pallid sturgeon
peregrine falcon
raccoon
Rafinesque’s big-eared bat
roseatte spoonbill
slider turtle
snapping turtles
south coastal coneworm
southeastern bat
southeastern myotis
southern pine coneworm
swamp crawfish, red swamp crawfish
white ibis
white river crawfish
white-tailed deer
wood duck
wood stork

Coccothraustes vespertinus
Graptemys pseudogeographica
Malacosoma disstria Hubner
Anas strepera
Acipenser oxyrhincus desotoi
Lophodytes cucullatus
Rana pipiens
Ursus americanus luteolus
Myocastor coypus
Scaphirhynchus albus
Falco peregrinus
Procyon lotor
Corynorhinus rafinesquii
Ajaia ajaja
Trachemys scripta
Macroclemys temminckii
Dioryctria ebeli
Myotis austroriparius
Myotis austroriparius
Dioryctria amatella
Procambarus clarkii
Eudocimus albus
Procambarus. zonangulus
Odocoileus virginianus
Aix sponsa
Mycteria americana
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